DESCRIPTION LOW-FAT FOOD Technical Field [0001]The present invention relates to a low-fat food,
and a taste improving agent to be used for imparting fat-like richness and smoothness to a taste of a
low-fat food. Background Art [0002]- In recent years , attent ion has been focused on problems
associated with lifestyle-related diseases due to excess intake of calories and fat . In the food industry
, under such a background, there is increasing interest in low-calorie, low-fat, non-fat foods, or the like
because of diversified consumer needs and growing health consciousness.. On the basis of those
demands, products have been developed i vafidusflel#d! However, because the fat essentially has a
great contribution to food palatability, the general taste in low-fat or non-fat foods is plain or bland, is
‘weak in kokumi, and also is weak in fat-deﬂgﬁp_g hIneEs d smoothness, leading to a problem of the
low-fat or non-fat foods. In the present circumstances, consumer preferences are not sufficiently
satisfied. Further, in the field of dairy products, in particular, although there are many product
groups inwhich pilk fatiis fgplaced with vegetable oil and fat or the like, the difference in the taste is
clearly exhibiteﬁl in many cases. Thuys far, various efforts have been implemented in order to solve
the above:mibhtioned proBErMe FoF RXahpIE i 18R [ aRry bodud Here o€ eRenttified: a
taste improverhent myethod. by incorporéting @ water-Sotubledietary Hibera Palent ®ocumentsly; a
quality improvement methad by, using aghemically-modified, stakch.or the like in combination (Patent
Documents 2 and 3); and a taste improvement method by using agar (Patent Document 4). Further, in
relation to a fat replacer, various technologies, such as a technology for a oil and fat compos ition
focused madtsqeonstitiient fatty acid ( Patent Document 5), have been reported. However, in all
cases, in igopresent cirgunysianses aansumer demands are pLaulficlently satisfied Jn terms of
palatability such as a fragrance, a flavor, a taste, and a texture, and in terms of production steps and
prices ad el CDAbSIVIEamRhild, ftRE BRIERITT Peckpict WhiSK &S8IS0CaleB T aRER AT SersifReceptor
(CaSR) ista-reteptos eonsisting of 1078 mmninmacids: whichys cassifiestintodheselass-6afd,
seven-ransmenmbrane receplors, ¢ G, proteln-coupled yegeptary, GRGR), Cloning of the gepe for the
calcium recep?or was reportea in 1993 on-patent document 1 , and the calciumreceptor |stknown to
cause vanoussoellaresidises vistel@vtion o intfaceiuiaraididmdeved eammenbeatdsadivated with

calcium gic, Thequecleotide seguencenfdhe Bumancsaleivm reeepter is registosed with £senBank
Accession No. NM ( 0038?}and ig well l(:ons%rv.ed aman ani#nali. 0004]The above-}rjnentioned
calcium ¥é&ce 1t1c3:’r"rﬁayaavcef oebergmo geor%BSprégs%?&églcgl Unctions. THerefore, at preecsjgr‘fts,@a
therapeuticeafjehtahateutilizes. ary dctivating astion wntthe ealciuem receptorcand batherapedtiv agent that
utilizes %@fg;@%x action gpdhe cajciym receptor ake approprigtels used in 1he treatment,of,
neurological diseases, hepatic diseases, cardipvascular diseases, egiﬁgestive Sﬁteg diseases, and
other diseadBS=depéndinly G patfidlBgRAF Sondiudie o exafipiel the EaRIm TaBEPRG RE%functions
to detectmereased hiood eakiimuléveldntthe ipacathyfoith: andsuppeessthe secrétdn 1of dhuss -
parathyrejd h@ﬁ@o?ﬁ(fs@tto carrect the: blged salciunyleyel-Therefare, apaffect of reduging the
blood calcium level is expected fora calcium receptor activator. It has been actually clarified that when
the calcitit fecepfor atlivatsrtis $15é6 to treat secondary hyperparathyroidism in a hemodialysis

‘patient, it reducesitheH=EH level without ateMating thizcatgiumrantiphiospharusdeveds.c[0005]Since the

functionghanals} Glum [eapptps has bean conducted.mainly.for calgium hameastasis, the
applied ?e%searc e%,o{é%%e%%e,g[@éeéigfarmainly%ugé%id on bone metabolic diseasegn which calcium
regulatiohi- BAnv st Hovkever it R hd@dmeleaPhat thESaldithd reedptbr R igely distituted in
living bogligstathersthan éhe-parathyrcid and kidney-dfrony thesesults of genetic expression ana lyses
etc. (Non-patent. documents 2 and.3), and sibilities thereof for heing involved in varigus, biological
functions and c;&‘éé of Giskasés r:?é%\}leslbeee@r(lg %%%%s%gfpllgo% e?%%&&%%ig%%ggglgteﬁl th%zt:t' gercalcium
receptortis iAvalvedth the RarctioRis bi-theTliver PHEHTE Ritfy; gaBBsifesival fact lyafphatyteland
pancreags Thgiinryeniewsl dhe prespatiaventionalsepavercendirmed thatithe calciuw eacaptor is
expressed in a wide range of tissues.in living bodies by analysing RNAs extracted from each of rat
tissues H@ﬁ%‘?{g\r/ &R?llg%:’rﬁ ﬁergg&v%gm%r?ﬁgr?eedr vig/?/%él?ﬁ s?tr%alvea des’ of%%%i%&ogggg Thhibitors
of the cdlciammetéptbl arezpresentlyrapidiicinereasiag formspplieatidns. YG0GB] Moreover, in addition
to calcium, Gations sychyasia gadel inium-cation, bas ic peptides sueh A pRlyarginine p polyamine
such as spermine, amino acids such as phenylalanine, and so forth have been reported as calcium
rece ptopé)cffi’\}ﬁ%rr‘i: iNBn3petent doditieft 45 Noh-pERN? DEEGHENTS TESsHE hAhttEtRsAE
(y-Glu-CyreGly) a lowomplentlad weight peptide; is a:CaSRl adtivator toutadoesthat azehdior In any way
a possibility for CaSR to be involved in taste reception.
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[0007]Thus far, it has not been known that an amino acid or a peptide having a particular structure is
useful as a calcium receptor activator. In addition, it has not been known that an amino acid or a
peptide having a calcium receptor-activating effect may impart fat-like richness and smoothness to a
taste of a low-fat food. = Patent Document 1: JP 2006-158232 A Patent Document 2: JP
2004-215563 A Patent Document

various technologies, such as a technology for a oil and fat

composition focusedonits constituent fattyacid {Patent Document

5}, have been reported.

However, 1in all cases, in the present circumstances,
consumer demands are not sufficiently satisfied in terms of
palatability suchas a fragrance, a flavor, ataste, and a texture,
and in terms of production steps and prices as well.
f00G3] Meanwhile, the calcium receptor which is also called
Calcium Sensing Receptor (CaSR) is a receptor consisting of 1,078
amino acids, which is classified intoc the class C of
seven-transmembrane receptors {Gprotein-coupledreceptor; GPCR) .
Cloning of the gene for the calcium receptor was reported in 1993
{Non-patent document 1), and the calcium receptor is known to
cause various cell responses via elevation of intracellular
calcium level etc. when being activated with calcium etc. The.
nucleotide seguence of the human calcium receptor is registered;
with GenBank Accession No. NM 000388 and is well conserved among
animals. '

100047 The above-menticned calcium receptor may act to
promote or suppress biological functions. Therefore, atpresent,
a therapeutic agent that utilizes an activating action on the
calcium receptor and a therapeutic agent that utilizes an
inhibitory action on the calcium receptor are appropriately used
in the treatment of neurological diseases, hepatic diseases,'
cardiovascular diseases, digestive system diseases, and other
diseases, depending on pathological conditions. For example, -
the calcium receptor has functions to detect increased blood
calcium level in the parathyroid, and suppress the secretion of
the parathyrcoid hormone (PTH) to correct the blood calcium level.
Therefore, an effect of reducing the blood calcium level 1is
expected for a calcium receptor activator. It has been actually
clarified that when the calcium receptor activator is used to
treat secondary hyperparathyroidism in a hemcdialysis patient,
it reduces the PTH level without elevating the calcium and

phosphorus levels.



3: JP 2004-267160 A Patent Document 4. JP 2006-180792 A Patent Document 5:JP 2002-138296 A
Non-patent Document 1: Nature, 1993, Vol. 366(6455), pp. 575-580 Non-patent Document 2: J.
Endocrinol., 2000, Vol. 165(2), pp. 173-177 Non-patent Document 3: Eur. J. PharmacolJ, 2002, Vol.
447(2-3), pp. 271-278 Non-patent Document 4: Cell Calcium, 2004, Vol. 35(3), pp. 209-216
Non-patent Document 5: J. Biol. Chem., 2006, Vol. 281(13), pp. 8864-8870 Disclosure of the Invention

(0005 Since the functional analysis of the calcium receptor
has been conducted mainly for calcium homeostasis, the applied
researches,therefore,havesofarmainlyfocusedonbonemetabolic
diseases in which calcium regulation is involved. However, it
has become clear that the calcium receptor is widely distributed
in living bodies other than the parathyroid and kidney from the
results of geneticexpressiconanalysesetc. (Non-patent documents
2 and 3), and possibilities thereof for being involved in various
biclogical functions and causes of diseases have been proposed.
Forexample,itisspeculatedthatthecalciumreceptorisinvolved
inthe functionsof the liver, heart, lung, gastrointestinal tract,
lymphocyte, andpancreas. Theinventorscﬂithepresentinvention
also have confirmed that the calcium receptor is expressed in
awiderangeoftissuesinlivingbodiesbyanalysingRNAsextracted
from each of rat tissues using RT-PCR. From the abcve-mentioned
viewpoints,thevalueséfactivatorsandinhibitorsofthecalcium
receptor are presently rapidly increasing for applications.
100067 Moreover, in addition to calcium, cations such as a
gadoliniumcation,basicpeptid@ssuchaspolyarginine,polyamine
such as spermine, amino acids such as phenylalanine, and so forth
have been réported as calcium receptor activators (Non-patent
document 4). Non-patent Document 5 reports that glutathiocne
{(y-Glu-~Cys-Gly), a low molecular weight peptide, is a CaSR
activator, but does not mention in any way a possibility for CaSR
to be invelved in taste reception.

[CO0T] Thus far, it has not been known that an amino acid
or a peptide having & particular structure is useful as a calcium
receptor activator. In addition, 1t has not been known that an
aminoacidorapeptidehavingacalciumreceptor—activatingeffect
mayimpartfat-likerichnessandsmoothnesshoeatasteofailow-fat
food.
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Problem to be solved by the Invention [0008]An object of the present invention is to provide a low-fat
food to which fat-like richness and smoaothness are.i tgd SUMMARY [0008a]in one aspect, there
is provitietieriewlafésa Eomptising: aJ(,Porﬁ;? ah%ﬁ?gé IS a%le to activate a calcium receptor,
whereify the_gancentration-efsaid campornd iresaifodd 6ol ppbitd 99499 by weight, and Wherein the
.compound is selected from the group, cansistj - X-Gly, y -Vak¥gwhereimX.is
selectedFFont he“gtoupy Conals ir{ég Lgf)'G Y, Aﬁb%@?%gjl%%l Al’b,EPOgry\I,gén_c%%r, and \\;vis@sellgéted from
the group £ensisSting of Gly, Val, Glu, Lys, Ph; Ser, Pro, Arg, Asp, Met, Thr, His, Om, Asn, Cys, GlyA,
LacA, %[@Bgﬁa [00Q8bln, anetbgr aspegiuthere js previdecta low-fatiddd cbmipridiag:(@ cémpound
which is able to activate a calcium receptor, wherein the concentration of said componnd in said food
is | ppb8 9979% T)%Weight, wherein the compound is selected from the group consisting of
y-Glu-Via-Gly andy-Glofbus6lyt Meafis for slERg tHEProbEMS {0089TT heinrehiorsofthB present
invent i EL ave g)und that anhamino acl‘,id and a peptide each having a calcium receptorr]-activati]?gh
effect in the process of searching a calcium receptor activator inventors er_found that
the ameETRESRIMthe PRPHIE Fayimpfové %\%S‘te,{%eﬁna'rt’lClﬁgﬁe?ét-\ﬁi%ﬁrfchgggz gﬁ}j 'srr%%dthness, of
a low-fat 4eod. Fhbhs, the present invention has been completed. That is, the present invention provides
the following: (1) A low-fat food, wherein a compound having a calcium receptor-activating effect
is added thereto at a final concentration of 1 pph to 99.9% by weight; (2) The low-fat food
according to: (1), anhereintthé kempotifid istore kind or two or more kinds of amino acids or peptides

selected fropmthe greup.consisting of ¥+Glune Glyn(Xerepiesents an amino acid or an amino acid

derivative), y-Glu-Val-Y (Y represents a ino acid.ar, mino. acid derivative) .- Glu-Ala,
y-GIu-GI Q/%é L-Cys, y- u-?%ét?;?—bIﬁ-ﬁr%r:ﬂygﬁif\%%§%l%-0m, Asp-Gly, Cys-(?l@, Cg/s-alt\él:eZt,

Glu-Cys, Gly-Cys, Léu@@sp?-@ﬁsﬁyﬁ@luﬂﬂét(@)? ke richness and. smoothnes
y-GIu-y-%&g—é@%g-gs‘lu-Val-NH2,y-GIu-VaI-oI,y-GIu'—Ser, y-Glu-Tau,y-Glu-Cys(S-Me)
(0),y-Glu-Leu,y-Glu-lle, y-Glu-t-Leu, and y-Glu-Cys(S-Me); (3) The low-fat food according to (2),
wherein | (SNO), Cys(S-allyl), Gly, Cys(S-Me), Abu, t-Leu, Ole, Mb, Pen, or Ser, and the Y
is Gly, Vglt—?@\éz\%}f Phe, Ser, Pro, Arg, Asp, Met, Thr, His, Orn, Asn, Cys, Gin, GlyA or LacA; 4)
The low-f848@d accoréingaespeyiothes) [oResis thie Ed JorfPiPEid%ted from the group consisting of
y-Glu-Val-Gly and y-Glu-Abu-Gly; )

a compound which is able to activate a calcrum receptor, wherein the concentration of

said compound in said food is 1 ppb to 99.9% by weight, and wherein the compound is
selected from the group consisting of y-Glu-X-Gly, and y-Glu-Val-Y, wherem X 18
selected from the group consisting of Gly, Abu, t-Leu, Cle, Aib, Pen, and Ser, and Y is
selected from the group consisting of Gly, Val, Glu, Lys, Phe, Ser, Pro, Arg, Asp, Met,
Thr, His, Om, Asn, Cys, GlyA, LacA, and Gln.

[0008b] In another aspect, there is provided a low-fat food comprising:

2 compound which is able to activate a calcium receptor, wherein the concentration of
said compound in said food is 1 ppb to 99.9% by weight, wherein the compound is
selected from the group consisting of v-Glu-Val-Gly and y-Glu-Abu-Gly.



(5) The low-fat food according to any one of (1) to (4), wherein the low-fat food includes one kind or
two or more kinds selected from the group consisting of a dairy product, a food containing animal oll
and fat and/or vegetable oil and fat, and an emulsified food; (6) A taste improving agent for
imparting fat-like richnegs and smogthges%téoea taste of a low-fat food, which comprises a compound
havingtecalGufitecsstor altialing efféCt"BRier Description of the Drawings [0010]FIG. 1 shows a
graph illusirading an actioreaf cakeiun oA a E41bianD FECEI0r. TRERUMAR dXfditint Fetiéptor RNA was
injected intg Xenopus |?8Vi§19(90)§te§Q@S{&i@@i@%@nh\d&mgg ofintratelfutar response currents which
flew wih & €alcium chloride solution was adde%gt an arbitrary ggngggt@p{]ry&egeégqqggg. The
maximurs cakiecst iritFaceNalar Bdrehisiias tefined gsrg(rzgssponse current value, It was c%nfirmed that
no respopse wasohsetreesn oocytes injettedanitirdistifietiRaler By Higroinedtioras a control.

FIG. 2 shows a graph illustratin ctign.o L-aming acid-0n: a €akcjum fiegeptor Fhéduman
calciunfretBpof cRNA %%s%l%gc?e%éﬁ%%%ems %ngvig oocytes by micrgjnjection; Values.of
intracelkdar-résponseictrents wich &R WHENHST0 niv, E-amino acid solution was added were
added. g pg Maximumalue ef intracetidarcurrentsiwas defined as a response current value. It was
confirmed that r;ro respons:e was ogseer)s/%qlp QQeylesdnigate Mt}_ﬁ@étg_le@lw@ateromﬂmmm;ectlon asa
control. FIG. Bdhotis' a Braph |I]fustrat|ng an action of a 0-amino CQ on.a calcmnl:lieccl%or. The
human calcium récepiorlcRINA was isjected frité Xenbpds %%W?%Oo%%gtesab\)r/lrﬁi%roai'njgctlon. Values of
intracellula ggsfpgpsg currents which: flew whenal()aubke@amira-adid selutisn WoBadded were
recorded. Th maximum value of intr%:egulargtéur@gt% ag defingd. as a response current value. It was
confirmé‘d?ﬂ%@ﬁ&?é’gpb%e Was ob28R/ed n oo(:yte°s injected with distilled water by microin'e&tion asa
control.  FIG{ % shives Begraph fllstredircai acdioh D& pehlide"0Fa Baldid Tec8ptor. The human
calcium receptor, GRNA was, jpiggtecinto penepus fagviseocyteisshy migreipfettion. Malfestsfd
intracellGlar response currents which flew when a pti_ql§ §8“§°W§§BQ@%‘%§E%” arbitrary, o
concentration wére [@eakded The maxiMint val\ﬁ—ép&ce)ﬁflllntrace"[’f lar currents was defined as a response
current value; It wasrconfirmed-batnad sesponsé was obseR/ied i dbtytes InfetRetwith didtified water
by microinjection as, a control. B fop;carying gyt the Invention {601 Heveigafter:the present
inventioﬁ”i%l&ﬂaosc"f"i?‘jiéi%irclD detail. a%%%kgﬁgggn?i%&ention IS a %(\)]wﬁ fooiglco_ aining,a gg’nlp}pund,
preferably-& peptidesor &n@Rvindiasid, Wabihg a-caiciur re ‘éf)toar}a’ct?(/a ing effect. Further, another
embodiment of the present invention is a taste improving agent for a low-fat food which is added to a
low-fat food for imparting fat-like richness and smoothness to a taste of the low-fat food, and which
contains a compound having a calcium receptor-activating effect. The taste improving agent fora
low-fat food of the present invention has an effect of improving fat-like richness of a low-fat food when
being added to the low-fat food before eating. Further, still another embodiment of the present
invention is a low-fat food in which the taste improving agent for a low-fat food comprising a
compound having a calcium receptor-activating effect is added. [0012]First, the amino acid or the
peptide having a calcium receptor-activating effect is described. The inventors of the present
invention have found that the amino acid or the peptide having a calcium receptor-activating effect
may impart kokumi to a food."In general,.the term "kokumi" means a taste that cannot be expressed by
five basic tastes, which are expressed by sweet taste, salty taste, sour taste, bitter taste, and umami,
in which marginal tastes of the basic tastes, such as thickness, growth
(mouthfulness),continuity,andharmbny as well as the basic tastes are enhanced. The inventors of the
present invention have found that the compound having a calcium receptor-activating effect may
impart kokumi, in particular, fat-like richness and smoothness to a low-fat food. The term "low-fat
food" used in the present invention means a food which originally contains fat, but the fat content of
which is reduced. The term "fat" as used herein has the same meaning as the term " oi 1 and fat", and
encompasses both of narrowly-defined fat, which is a solid, and fatty oil, which is a liquid at normal
temperature. Further, the fat includes both of animal fat and vegetable fat. The amino acid or the
peptide to be used in the present invention may impart fat-like richness and smoothness to a
fat-containing food to a greater or smaller extent depending on the fat content. Thus, the extent of the
"reduction” of the fat content is not limited. However, from the viewpoint of an effect of imparting
fat-like richness, preferred is a food having a smaller fat content than a conventional similar
fat-containing food, which is not subjected to the processing for reducing the fat content. Further,
to impart "fat-like richness and smoothness" encompasses both of giving fat-like richness and
smoothness to a food having nearly-imperceptiblésfat-like richness and



smoothness, and enhancing fat-like richness and smoothness which are inherent to a food. The
phrase "improvement of fat-like richness and smoothness" as used herein also has the same meaning.
Specific examples of the low-fat food include: a dairy product such as cow milk, 'yogurt, butter, and
cream; a food containing animal oil and fat and/or vegetable oil and fat, such as margarine, milk for
coffee, sauce, and roux; and an emulsified food such as dressing and mayonnaise. [0013]Meanwhile,
the term " fat- | ike richness" as used herein means richness mainly in middle taste to aftertaste which

is felt when a fat-containing food is eaten. Further, the term "smoot s" me mil nd
roundnecs%%\ﬂégﬁ] argﬁfglfgv%geh gjfa -_cosﬁ?a{in(jl;rigy fmoEoﬁ T eﬁa?éln .%{r%%ér?gfg?\?vhgﬁ Eﬁ%ge%%?g@ ’
combinad;Glicky taslaland fastingprércunced afhd fatty taste bie Yeitlin the mouth ©f arotf-the
tongue. Jl@ﬁ?ﬂ?g@’f taste yarigs,with theselapse ofytime aftor they stast of eating.-and,is seguentially
called, from immediately after the start of eating, initjial taste, middle taste, and aftertaste. Those are
relative ¥otians, %ﬁﬁ%‘picﬁ@?inﬁracf%&f&yﬁi& I?eb){gété, and aftertaste are tastes which are felt0 to2
seconds; 3 to 4secontiscaridhb séedndscardater aftercthe gtarrof Eating wiespectiveli #lereinafter,
except f@{,@{as%@efwﬁyg fatlikejrichness ggg sApothness are gescribedrin gombination; those are
- |

simply described as "fat-like richness"” collectively in some cases. [0014]The term " calcium receptor”

in the presentdestiiption e s alretiptorthal /s calldd Baltitfr Seh&ingRéceptbP (CASR) and
belongsieghe rlass Crofrsevendransmemiiane receptors: e tefiny A calciuba réceptor activator” in.
the present descripfion, negns alibsiang InaLkipds Ipfheahoye-wenfighed galcium reqgplor to

activate the calciur receptor. Further, the phrase "to acfivate a calcium receptor” in the present
descriptioiimesns tha & igartEifds ¥6R8 AIGURT REBpTSIS Astvatd Pduainifie hudRetide Binding
protein, 1¢ thegely, trangit @ signal. In addition, the term "calcium receptor activity” means that the
:calcium receptor transmits the signal. n the present description, each amino.acid a mino
acids forming ea(cEirjlpep}ftl%eizfr"éf_Lg:a'l?‘r%]infooél}ccl{dé':1 Sﬁ|§§§ (J)“%%r\;%vige%?aﬁeg.n‘fooofén 241); g&g)mggfﬁd having
calciumwbesptorattivatingrefieet foTHelidorlpoding Havida R8lcum TeeeptbribR iating Efect
maybe an amine.acid, 3 peptide, or darvatives thereefgonvariougdow neleedarweight gerpgounds as
long as the compound has an effe_cg of im@r ving faEIi e ri%hneéc,g og;qhe I{g)}\{\ifaatrﬁ%o .aTthe g%mpound
may alsoHe @ novel Somipdliid dhtaindd fgc’fe%ﬁlln “For é&ample, the compound may e obtained
by reacting acalcmf teceptorwith a test substance, and detecting a calcium receptor activity. It is
preferably confirp@-}qdzghgg g@eﬂl{;&%@i@g% W%Qam&f{epﬁgfﬂggmymgefaﬁtﬂuggﬁgggess of
the low-fat food. [0016]Hereinafter, a method of screening the compound h ving a calcium receptor
activatir@‘é%f&’??éjgﬁ&ﬁ%ﬁllfraeg‘cr?rjaé%l?BuPig r?ot%%"fteg% trfeol% owihg'steps: T messaridg a
calcium ceeaptaract ivity bycaddinged testsubstasgetto armedsurementsystdrn ©f calcium receptor act
ivity for measuring the calcium receptor activity; 2) comparing a calcium receptor activity when adding
the test substance with a calcium receptor activity when being free of the test substance; and 3)
selecting B sPaRsstame Shilsiting=a Righ ™ttt Teceptor-stimulating activity when the test
substance {stadded. [00F 71T hel catciwns recepigriadtivity 49, fertexample aneasuretifby aisimguan
measurement system yging cells that express cajciym feceptprs: Jhe abouesmentigrgdicelismay be
l_ceIIs enaog‘enous y expressing calcium receptors, or may be recombinant cells in which exogenous
calcium 8GR RGe e SreiPt 88U d. A M cRS e hen Y Sterf 6P Rl RITF redB ptor Hedivie?
describegrabqyernay be wsed witbeytanypadicutas fimitation as oy «s, when an extracellutar ligand
(activator) specific to a calcium receptar is,added tq.the ve-menti | expr [cium
receptorcs%l?hcc)arrjﬁct-:‘{:gsfjsrcé%uia%i‘L g?stg%gmgé%%tgeé%hgaﬁn%?r?gl rreqaggﬁfct)r%?3 Eg%%%{gn%aél&{%vz%%nd the
calcium receptsie 8F may Fesparrrtantha bifdihg fre&dtiodyYDetheen theladivaBrafd the caffum
receptoriodhereby fransmita getestable; sigaalintodhe eells. Whea the: saleilpneageptos activity is
detected throu%? the reaction with tr&e test gg%st%ncse, {tnis ge%eé@i%egt@aéthe test substance has a
calcium TEEEPT g’sﬁirﬁ’ﬁlgtiﬁg] RCtivity “and'is s Sdbstance that may improve faT-liKe Tichness of the
low-fat fogd r{0@18]Mehawhile anceffeat oliniproving fat-like richness of the low-fat food may be con
firmed by a methadssuch ag g.austatopsiest by bymans tRurthesnalthaughrthe anainoracigiand peptide
to be used as a test substance are not garticularg Iig%ited, the %ﬁgtjde is prefer$blg a Eﬁ@tide
consistifg 6238 B SfmTo-38dT85IAHES o a déifvativa thefedt, and more Bref&rably a peptide
consisting.6k2 oe3 amino atich residuiekaeral dedvativeaisersofnEantiesin: thecdming acid edsidue at the
N-termingj side of the,pgptide is preferably y-glutapicagits [90391The,frginof therabaveqmeptioned

calcium receptor . .
acid solution was added were added. The maximum value cf



. is not particularly limited. Examples thereof include not only the above-mentioned human calcium

~ receptor, but also a calcium receptor derived from an animal such as a mouse, a rat, and a dog.
[0020]As described above, the calcium receptor activity can be confirmed by using live cells
expressing a calcium receptor or its fragment, cell membranes expressing a calcium receptor or its
fragment, an in vitro system containing a protein of a calcium receptor or its fragment, or the like.

An example using live cells is described below. However, confirmation of the calcium receptor activity
is not limited to this example. [0021]A calcium receptor is expressed in cultured cells such as those of
Xenopus [HetRTotytes? hamsterovanahceIRe Snd Alnfh REFKRSE Celidl ThetaldiimYaceptor
can be expresseddycionirgi e balcium receptor genein alplasmid dhat canaatsysa foreigrigene and
introducipg,the plasyd oL cRNAablaingd by o e lasipid zs & tergplate, To detect the reaction

an electrophysiological technique and a fluorescent indicator that indicates an increase in intracellular
calcium level cafl bE usddS 1e0R]EgFésdion of the Icafchurh PeptBFis ¥t Onfitmed Hasaad on the
response ¢ ealsium era spesifie activator: Oocyies that showetdntracelkdanctsrent yith ealsium at a
concentrfl_tioré g#g out @Mégro cuL!turfg (:gllsS thatcsh E\évsequlu%resc%qcr?.g é[tE?L Qques\gg%ngicator
reagent with Taleium at a concertration of about 5 MM are d. The cafcium concentration
dependenty isideasreiined By chapg igheceal&it micoEehtrations THerT: a tesCsalistarri@idith as a

peptide isprepayed @ aconceniration ofaheutd pM to EdaM. and added to: thepoeytes or $re
cultured cells, and.the calcium receptor activi'g/ off the gbove-mentioned peptide %rnt]ge Iikf is

determirgd’ {623 J?ﬁp‘?e?%?ﬁ% Compaiing To b T8ed in Thé prasent invention include Vafious
amino aditsy peptide$ iordetivatiwestherest on varisas lowmodlateda i welgitorspbundsTiiadng a
calcium receptosactivating effect therejpatter. when faminoacid; or peptider ks simply used, the
.amino acid and the peptide sometimes mean both of an amino acid and an amino acid derjvative, and
both of a peptide” &ﬁ% ahephidl Befvahved Pedpettvaiy)® FHeSamhPadid Bt pépitfetiaviily a
calcium receptor-attivating efectda be used iretheypresentimvention may be anramiidacidar a

peptide having an effect of imnroying fat:like ichpess.of the Jowsfat fpod yuhen; the lowfat faod is eaten

after the amino acid or the peptide is added thereto.”Examples of such an amino acid or a peptide
include WREIU-RIGH EX répredénts BARFRIAG atii-drmtamift Heh derfive)ey-GlurEa S Br
represenis anaminowcid atde aninozacid detivativey) opGleAlar yiGiorGhes yeGheCys,deGlu-Met,
y-Glu-T -Glu-Val, y-Glu-Qrn, Asp-Gly,.Cys- -Me - -Cy. -Asp,.R-Cys,
y-GIu-Mhefth( ) fn)?-}élhﬂﬂ-yx-nGlﬁfic/iakll,ey- u\jiﬁﬁt%ﬁﬁg%%%‘gfé%“?%&%ﬂ ééué%gg%yéélu%%y%y(s-Me)
(0) , y-GREESIR JEGIU-IE G u-VEdu And y-BINAY s ihereihbfter, AfsorefétfEtbe 44 "peptide
or the likgrof ¢hespresentrinventieny degethernwith theipeptidederivativeidesetbedelew). Ithe
present yggntﬁijqnﬁ ongtlfinglnof those Re tiggs or the like may be used, or two or more kinds thereof
may be dsed in combimation. [%62 Further, the peptide maybe apeptide derivative having a structure
of y-Glu-X-OCH(Z)CO2H (X represents an amino acid or an amino acid derivative, and Z represents H

(a hydrogen atam)r GH3 (a-methyl geoup)): Furbers thespeptida may be a compound in which Y
represen lyA or LacA in the formula y-Gly-Val-Y. Preferable specific examples thergof include
VOV Ay Gl B A R A S R CH VoL Ak Gt ESA g

‘y-Glu-AbiettagAl It should be noted that GlyA represents glycolic acid and LacA represents butyric
acid. Butyric aciq, may-be one ohS=butyrig acidand.\R-futyre agid cand prefersed isRpbutyr¢ acid.
Structur%I rfgrfrréurlg%?fythog © %%rg[%%udng S %r:c(‘e dg?lcri%ergi%eclowépiog ,5 ] h Oggg]g [0(5)127]6alcium

receptor-activating effect. Further, another embodiment of the
present invention is a taste improving agent for a low-fat food
which is added to a low-fat fcod for imparting fat-like richness
and smoothness to a taste of the low-fat food, and which contains
a compound having a calcium receptor-activating effect. The
taste improving agent for a low-fat food of the present invention
has an effect of improving fat-like richness of a low-fat food
when being added to the low-fat food before eating. Further,

still another embodiment of the present invention is a low-fat



[0028] [0029] 11112061-13 [0030] [0031]Herein, examples of the amino acid include: a neutral
amino acid such as Gly, Ala, Val, Leu, lle, Ser, Thr, Cys, Met, Asn, GIn, Pro, Hyp, and t-Leu, an acidic
amino acid such as Asp and Glu; a basic amino acid such as Lys, Arg, and His; an aromatic amino
acid such as Phe, Tyr, and Trp; homoserine, ornithine, a-aminobutyric acid, norvaline, norleucine, and
taurine. The amino acid may also be a non-naturally occurring (non-protein constituent) amino acid
such as tert- Ieucine cycloleucine, a-aminoisobutyric acid, and L-penicillamine. It should be noted that

Xinthe p 08 flera ka Gly may bce any_one oﬁg%%%ﬁe a@ acid-qr.a deriygtive-therepf dgscribed

above, arf bly an amino acli ert ysora de vative thereof. [0032] Herein,
abbreviationg fdrsamne a@lmﬁéﬁﬂdééaﬁééWtﬁecf@W% afffradds. ?T)%Véﬁ@n%f(é?ﬁa Alanine
(3) Val: Valingy(d) heu: Leucine (5) lle: Isoleucine (6) Met: Methionine (7) Phe: Phenylalanine (8) Tyr:

Tyrosine ) ,
) [0012] First, the amino acid or the peptide having a calcium
receptor-activating effect is described.

The inventors of the present invention have found that the
amino acid or the peptide having a calcium receptor-activating
effect may impart kokuml to a food. Ingeneral,théterm"kokumi"
means a taste that cannot be expressed by five basic tastes, which
are expressed by sweet taste, salty taste, socur taste, bitter
taste, and umami, in which marginal tastes of the basic tastes,
such as thickness, growth (mouthfulness), continulty, andharmony
as well as the basic tastes are enhanced. The inventors of the
present invention have found that the compound having a calcium
receptor-activating effect may impart kokumi, in particular,
fat—like;richness and smoothness to a low-fat food.

The term "low-fat food" used in the present invention means
a food which originally contains fat, but the fat content of which
is reduced. The term "fat" as used herein has the same meaning
as the term™cil and fat", and encompasses both of narrowly-defined
fat, which is a solid, and fatty oil, which is a liguid at normal
temperature. Further, the fat includes both of animal fat and
vegetable fat.

The amino acid or the peptide to be used in the present
invention may impart fat-like richness and smoothness to a
fat-containing food to a greater or smaller extent depending on
the fat content. Thus, the extent of the "reduction" of the fat
content is not limited. However, from the viewpoint of an effect
of imparting fat-like richness, preferred is a food having a
smaller fat content than a conventional similar fat-containing
food, which is not subjected to the processing for reducing the
fat contgnt.

Further, to impart "fat-like richness and smoothness”
encompasées both of giving fat-like richness and smoothness to

a food having nearly-imperceptible fat-like richness and



(9) Trp: Tryptophan (10) His: Histidine (11) Lys: Lysine (12) Arg: Arginine (13) Ser: Serine (14) Thr:
Threonine (15) Asp: Aspatrtic acid (16) Glu: Glutamic acid (17) Asn: Asparagine (18) Gin: Glutamine
(19) Cys: Cysteine (20) Pro: Proline (21) Orn: Ornithine (22) Sar: Sarcosine (23) Cit: Citrulline (24)
N-Val: Norvaline (25) N-Leu: Norleucine (26) Abu: a-AMinobutyric acid (27) Tau: Taurine (28) Hyp:
Hydroxyproline (29) t-Leu: tert-Leucine

smoothness, and enhancing fat-like richness and smoothness which
are inherent to a food. The phrase "improvement of fat-like
richness and smoothness" as used hereinalso has the same meaning.
Specific examples of the low-fat food include: a dairy
product such as cow milk, *yogurt, butter, and cream; a food
containing animal oil and fat and/ecr vegetable oil and fat, such
as margarine, milk for coffee, sauce, and roux; and an emulsified
food such as dressing and mayonnaise.
[0013] Meanwhile,theterm"fatmlikerichness"asusedherein
means richness mainly in middle taste to aftertaste which is felt
when a fat-containing food is eaten. Further, the term
"smoothness® means mildness and roundness which are felt when
a fat-containing food is eaten. In general, when those two are
combined, sticky taste and lasting pronocunced and fatty taste
are felt in the mouth or around the tongue. The sense of taste
varies with the elapse of time after the;start of eating, and
issequentiallycalled,fromimmediatelyafterthestartofeating,
initial taste, middle taste, and aftertaste. Those are relative
notions, and typically, initial taste, middle taste, and
aftertasteaxetasteswhicharefeltOivaseconds,3tx34seconds,
and 5 seconds or later after the start of eating, respectively.
Hereinafter, except for the case where fat-like richness and
smoothness are described in combination, those are simply
described as "fat-like richness” collectively in some Cases.
(00141 The term "calciumreceptor” inthe present description
means a receptor that is called Calcium Sensing Receptor {CaSR)
and belongs to the class Cof seven-transmembrane receptors. The
term“"calciumreceptoractivator” inthepresentdescriptionmeans
a substance that binds to the above-mentioned calcium receptor
to activate the calcium receptor. Furth?r, the phrase "“to
activate a calcium receptor" in the present description means
that & ligand binds to a calcium receptor to activate a guanine
nucleotide binding protein, to thereby transmit a signal. 1In
addition, the term "calcium receptor activity" means that the

calcium receptor transmits the signal.



(30) Ole: Cycloleucine (31) Aib: a-Aminoisobutyric acid (2-methylalanine) (32) Pen: L-Penicillamine
[0033]Further, examples of the amino acid derivative include various derivatives of above-mentioned
amino acids such as an unusual amino acid, a non-natural amino acid, an amino alcohol, and a
substituted amino acid of which side chain such as the terminal carbonyl group, the terminal amino
group, and the thiol group of cysteine, is substituted with various substituents. Examples of the
substituent include an alkyl group, an acyl group, a hydroxy group, an amino group, an alkylamino

group, a nitro gr sulfonyl group, and varlou rotection groups. Exampl X ted
amino acid inclu((%iéP TA (P@éﬁ%ﬁ%‘y r%fs‘roarglr? ine; ;/s(%?\lcifh nltr!é))cysteslinaépl ??% %% %@%H%J
S-methyfeysteine; GestS-allyin: &allwcysﬁemvxapw%lmaﬁqw @W&W Sqalferted.

(2-amino-ggnethy1-1-butanol). a3t shouldke Aeted-hathenein Gl Cys(GNQ) Ght Nag the
followmg structural formula, and the "(0)" in the above formulae y-Glu-Met(0) and y-Glu-Cys(S-Me) (0)

indicate§ a’s@ffdxide structure. The' '(y)" in the y-Glu indicates that glutamic acid binds to another
amino acid via tiighearboxy group athe yepasiticnlin ghutamic asid 00035 1 saNitrosoglditadisione

(GNSO)HEQ% 36ly-Glu:X:Gly X tepresents, an aming,agid,or anarning agid desyative)yy-Gluddal-Y (Y

represents an amino acid or an amino acid derlvatlve ), y-Glu-Ala, y-Glu-Gly -Glu Cys,

y-Glu-MePGIRThE UG RIEV ISy E16-CrATREHER G- é@n@yéﬁvlé%hf%%%@dc{/? 1 étlAsp,

D-Cys, eGlu=Met@®F, yaityGuagValay-Glu-Mal-NH2, ry=Glu-Val-oh §-GhwSér y-GhwsTau, The

y-Glu- Cys M?) (g)m[%féalg Leut%éhGlur}lle QIIGALCFrBﬂKSSHh%ng%‘C%lHn%&S@y'\4%)1%%@ |%)rov%gle fat-like
atfoo

fichness 0 Ow-f erefore, y-G Gly (X represents an amino acid or an amino acid

derivativey, 3@ heval ey @Mﬁf@aﬁ@rﬁm@%m‘a%%ﬁ%ﬁm@éma%ﬁ%ﬁ\@ By-GRAARID
y-Glu- Glyeﬁ@tgyswy@wwsf@uﬂmay@& Vi o -Eu-©18 1 Agp=Glya CystGlyr Syspvet;

\Glu-Cys, Gly-Cys, Leu- GIu t u-y-Gl -Val- NHZ, -Val-01,
y-Glu-Set™ %B‘fﬁtl'gu AB{) t‘cilséf% ?f@ ?}% eGué ylyaﬁjalllg'ef1 élut eut%n (?%J%Cysé(s Me)
(hereinaf.temza@@rréfeh@d t@ras="péptide é}rfd amnbEcidd badseld ihahe bﬁé@%ﬁﬁmv@ﬁnoﬁ‘lf-can be

used as pgste impraying agent for a low-fat food which is added to a low-fat food for imparting fat-like

richness to a taste of the |ow-fat food. %2037%Lfa £,compa und to be, useg in the resen Ckqventlon may
be used afdhe%r may befsET Ak d mixtard BFarbitran s kinds SHnvee 57 m Fekinds. Of tHose,

preferrech coaipoind is acepipoureidiavirgtthe Jotdwing striustaiat forinufa Y16 Iliiﬁ(SGP;ﬂ(Rer@presents

Cys(SNQ), Cys(s- ﬁtb‘cl)'ﬁmQé/éz(ScMeMebuf&%ﬁlﬁgAi@tEss,:or Ser); or y Glu val-Y (Y
represents Gly, Val, Glu, Lys, She, Ser, Pro, Agrd %Met Thr, lgéi Orn, Asn, |n Glé

LacA). o#kﬁ&%@%&ﬁﬁdtﬁw& C B ARIEHRM ke Fed Eombband RS- &Iy ry%ﬂ %fbu

vaanﬁasurementsyst@nofca7c1amrecemtoractlv1tyforn@asurlng
the calclum receptor activity:

2) comparing & calcium receptor activity when adding the test
substance with a calcium receptor activity when being free of
the test substance; and

3} selecting the test substance exhibiting a high calcium
receptor-stimulating activity when the test substance is added.
[0017] The calcium receptor activity is, for example,
measured by using a measurement system using cells that express
calcium receptors. The above-mentioned cells may be cells
endogenously expressing calcium receptors, or may be recombinant
célls in which excgenous calcium receptor genes are introduced.
The measurement system of calcium receptor activity described
above may be used without any particular limitation as long as,
when an extracellular ligand (activator) specific to a calcium
receptor isaddedtothe above-mentionedcellsthatexpresscalcium

receptors, the measurement system may detect the binding



[0038]When the above-mentioned compound is commercially-available, a commercially-available
product can be used. 'Further, when the compound was a peptide, the peptide can be obtained by
appropriately using a known technique such as (1) a method of chemical synthesis, or (2) a method of
synthesizing the peptide by an enzymatic reaction. Since the number of amino acid residues contained
in the peptide to be used in the present invention is as comparatively small as 2 or 3 residues, a
method of chemical synthesis is convenient. When chemically synthesizing the peptide, the

oligopeptide can be synthesized or semi-synthesized by using a peptide, synthesizer. An example of
the methBEE ehertical SFHEER of e PERIEh GBS pEpAds Soic Hiase Sy RfHetE mathod. The
peptide syrhesizgdbas desctibedraiove wan bespurified by Gt frisansstichasiiva exchange

chromatagraphy, reversed phase high performaycee liguid.chromatogeaphyperalfiniy chromatography.

Such a solid phase synthetic method of the peptide and the subsequent peptide purification are well
known irf fis%8drical fIEIE ORI FRUHEE HEFERTR IF6E t¥ad ih 15eiFE85m FVERTSHE also be

produced by arcarzymaticireaktioneFarexamplesthermethodddscribed e WO 26041041 653<can be
used. Thal 5. 1he pepide. cap Alsq hepraduged B Jspetina.aneaming;agl Lrdipantile ghuhich
carboxyl terminus is esterified or amlc?ated with an amino acid having a free amino group (for example,
an aminé acid DR ARCHCARDBRY gdap i4 prétectedy iFthe bfesénce 618 Septidé Proddiing @hzyme;

- andpurifying ghe produced dipeptide or tripeptide. Examples Of the peptide producing enzyme include

a culture of icroorganism having an abilit roduce a peptide, microbial cells separated from the
culture, ér%é)a%rr%}ces sed %r%adﬁ@q&rfl‘%%ﬂsao? tﬁ)éfgf’;ﬁ%r(g)o?g"aﬁirs%, 8?3%%;% e p#o:L u%iﬁglg%gz%y%jes derived
from theafidrberganisrha t £ aedhorldbe Aoedithmaldpeptitetid b ssedin the preskatmvEntion is

not only peaduced by sgh an enzymaticmethod oha ghemical synthesis methathas gwptieged above,
but also may exist in,_ for examgle, a %gnt such as a veé;egable 0{ a frulit a{nic oorg%réi%m %%%h as a
yeast, arfadfeakt BRratt Wheh the Beptias eXistsin né%urﬁaprro&lfc%s,éf e peptide may be extracted

from thepe patidal preductsizefelelyse pefulther aha peptiderdoes nottheedtoave ikolated before
use, and,theresmay, be.ysed afraction:cntainingthe peptide-of the prasent inveptionjo o large

amount. [0040]Examples of the low-molecular-weight compound to be used in the present invention
include GiRAticet HRS-RAZ (1t ddtoRRAVITThery PPy 1) L5 (E-Hphthih e tylahiifé) L an
analogous:earmpaynd-thereofi Exaraples of dweianatogousidompbundof cinacalsetiaclade the
compoud ispraseniad By Iefolewlpa heminal formuiadLy (R)
-N-[(4-ethoxy-3-methylphenyl)methyI]-1-(1-naphthyl)ethyl amine)) or the compound represented by
the followidg thémical fofmleC@y LR) °N- BLBhERApBpRE8NYIPAS B3-TiethioXyBhefvif Biyfamine)
Those camspgunds mayike:synthesized: by sdch armommImethddeasdeascribed it S PatentINo.

6,211,244, for example, Further, commerclallyzavaijable produgts may.also be ysed. [00411 (1) (2)

receptor derived from an animal such as a mouse, a rat, and a
dog.
00207 As described above, the calcium receptor activity can
be confirmed by using live cells ekpressing a calcium receptor
or its fragment, cell membranes expressing a calcium receptor
or its fragment, an in vitro system containing a protein of a
calcium receptor or its fragment, or the like.

An example using live cells is described below. However,
confirmation of the calcium receptor activity is not limited to
this example.

[C021] Acalciumreceptor isexpressedin culturedcells such
as those of Xenopus laevis cocytes, hamster ovarian cells, and
human fetal kidney cells. The calcium receptor can be.expressed
by cloning a calcium receptor gene:in a plasmid that can carry

a foreign gene and introducing the plasmid or cRNA obtained by

10



- [0042]The compound to be used in the present invention also ‘include that in the form of a salt. When
the peptide and the ‘amino acid to be used in the present invention are in the form of a salt, the salt

may be a pharmacologically acceptable salt. Examples of a salt with an acidic group such as a
carboxyl group in the formula include: an ammonium salt; a salt with an alkali metal such as sodium
and potassium; a salt with an alkaline earth metal such as calcium and magnesium, an aluminum salt,
a zinc salt; a salt with an organic amine such as triethylamine, ethanolamine, morpholine, pyrrolidine,
piperidine, piperazine, ‘and dicyclohexylamine; and a salt with a basic amino acid such as arginine and
lysine. EXarplesidta sakdmthia basic Grouprih tass whel&thdBasi-grolif ekREShIRE forfltila
include: asaliwthcanyinorganiciacid suehlasihydeochlarie acid,csuifare acid; phospharic ati nitric
acid, and pxgrebrery.actcs 8,22l 1t an argpaiecamaylcacidsugh sspceicacd.cideacd
benzoic acid, maleic acid, fumaric acid, tartaric acid, succinic acid, tannic acid, butyric acid, hibenzoic
acid, parheR2acld, .enantheir 868 st arfoic deinia tedefcrat R SR Hclacit: fatticCactd ‘e acid,
mandelig agiddand malicracigsangeatsalt with amoeganic sutonit acid-suich-asomethanesytfesic acid,
benzenesylfonig acid, and p-toluenesulfonic acid, [0043]1<2>. ggstgdggrg\gn .agent for low-fat food
and Iow-%ﬁoo%i 1w éncorrnap%ﬁn ,upr%f‘éraﬁy the peﬁti e and the’amino acid, fo bé Used in the
present infemtion mdy bl used as & taste thproviriy Bhént B anew-fat fvore ahfchds sdéd'® a
low-fat feqd,for improving fatilikesichness gf thedow-fatfoed.  The.gompound praycde: fosmed:qof only
one kind or a mixture of two or more kinds. Further, the,compound to be uts.ed in the gregent invention
may be MEofbdratEd tht8'the bi-faf fdd to formé fow-fat Tood RAVing mproved FAEIKE Fich

& Fichnéss.
[0044] T hestadtetimprovieg agentdora tow-fat food ofthe prasent inventioreimay be fofmed.of anly one

kind or anly twa,grmore-kindg EB%S%%‘C@’:[%Q&%W%@ tieped-compguads g berised-in dhe

‘present invention, for examgg, or may fur

er be formedﬁ}optlonall adding other compound, various

additive$ arfftRd fiké dahavingn réidion bt Fiipfoving & t246 o fie ov-fat Fo5d-[5845The
amount ekthe sgsteriapraving ageht:foraelowsfab foodcto beigddedtta: the lowsfat fosehis ot particularly

limited agé%nc . ttharQ%Lglt may,be sufficient for. improving a taste, in particular, fat-like richness, of
the low-fat food. Specifically, the amount of the compound is 1 ppb to 99.9% by weight, preferably 10

ppb to 169 eight, ardt fBFe: Breférabl SbciR ATt 1% BPweRhtin theloR-fRaf ot for
examplei {0Q4€] The lowfat tpodef-the present irventivg contains thesegmpound:ta betisedsin the .
present invention. The compound may be.for f only i Ixture. 0.Qr kinds.
e mgretERt o e DAL TN of I b o ko ot PR ary Arorart o tharofa
conventivBAdEWIarTo6d eXcept Mttt Rin-fat BGOTES R pRSent'meentiGifédiitaiis the ©T ,
above-meptignacieompewidaAlsp feydhe predustion meatbod, dhellow-as dead afihe presentinvention
maybe producec inghe same manner s,y 8 genetalgwsfal oo pxaept far the addition ghie
above-nientioned comopound. Examp?es [%(531 ﬁ-lereinafjfer, the present invention s more specifically

describedfvithmrefeterite frekaniias: HwWERF Lifia 5édse of BROpreséNtEAventior BhEtIifed to

‘those examples, r[0048] fReference Examples1kBreparationsf oatcium secepiergens (RNA)XThe

‘reaction 3F 94ESdr 3Rhihtfes: & GREST e

gene of the calcium receptor 3fne was prepared as follows. On tq}e basis of the DNéisgquence
retepfor R

registeretCat NCBIESicitn 0388 ynthatic Bligs DNAS (foiward primer {SEQ ID NO:

( 1) and reverse gimBR(SEQ IBIN®@ LD} ased foriPER yisre syAthesizéd 0049]HUM N RidNdy<cDNA -

(manufagtyredeby Clontechwas uged as,p materialand BCR was perfarmed, by usingthe-primers

and Pfu ultra DNA Polymerase (manufactured by Stratagene) under the following conditions, C,:?\fter a ,'
ﬁgr%r/éaatQ fis0°seconds; 55 b3 §éesiids; and

72C for 2 miautespwasie peatetudbetimes Landithenh a reéactiep wasgerforatedeatiZz2C forizinsinutes.

Whether amplification.was, atfained by PER wag detgeleclly perfarming agatose electrophores is

staining with a DNA staining reagent, and subsequent ultraviolet irradiation. The chain lengths of the '
PCR pro8iiéfd Wedreafirmea by Tempanddnwirtn DNAFarkérsior ki size which-wereY s -
simultangegsly: suhiected t@ the-alaatrophetasis: Tae plasntithvecton pBR322GAgs digestetlwith the

restrictiog engylxrgg Ecg%\%/g(@ﬁ%n’gfgcggygg Bpg ,Ta%g@).ﬁg%ge g%_zﬁ%qm%ﬂtcﬁmﬂwgg F@/ )P,CR was

ligated to the ¢ eavage si id"by using Ligation Kit (mariufactured by Proméga). The

EscherichieCaolDHSa- Straia was transibried withzthe ig 2HoT reaticn solitior, %sintFa transformant
harboring the plasmid, in which:the RCGR amplification praduet was clopedwasiselected. The PCR
amplification product was confirmed_ by DNA sequence analysis. By using_the recombinant plasmid as
a tempIaYe,% Aofthe ta?&lﬁimvrecjégt(?rzwg’gn?g W%%qpr ggrzé lq%?r%/ta@ gRI\?E %?epréarrgﬁgrzf 'Iﬁifti‘pto
(manufaeteired\iyeArhbidn) o[0050% [Réferende Bxariple 2F Preparafion P varioog samples'AS-amino

acid samples, 23 kinds of special grade amino

it



acids including alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine,
histidine, isoleucine,leucine,lysine,methionine, thenylalanine,pToline, serine, threonine, tryptophan,
tyrosine, valine, ornithine, and taurine (allofthosefromAjinomotoCo.,Inc.),andhydroxyproline (Nacarai
Tesgue, Inc.), were used. As D-Gys and D-Trp (Nacarai Tesque, Inc.) and calcium chloride, those of
special grade were used. [0051]Further, as peptide samples, y-Glu-Cys-Gly (Sigma Aldrich Japan
K.K.), y-Glu-Cys(SNO)-Gly (Dojindo Laboratories), y-Glu-Ala (Bachem Feinchemikalien AG), y-Glu-Gly

(Bachem Feinchemikalien AG), y-Glu-Cys (Sigma Aldrich.Japan K.K.), ysGlu-Met (Bachem
Feinche’fr}ﬂEal%%p&éf?/-éiﬁlﬂ)ﬁft%d)ygAb(‘i%%?grrﬁéggut%ﬁcl 8§g ,'Sa(fﬁ?en% kf:eeir*?cﬁ(ear%ﬁlf}aﬁien AG),
y-Glu-ThnKekusam Chentcal iCal, btfl.); haGla- valgkoRsancChamical €€ LQY, y&IiEed (custom
synthesjs product), y-Gli:lle (custam syathesis prodpichey-Gl-9ra (Kekyisan Ghengigal Co., Ltd.),
Asp-Gly %Stom synthesis product), Cys-Gly (custom synthesis ro%ugzé Cys-Met %:%stom synthesis
product), &16-Cys (custgﬁ’i%?ﬁ%sig}b?o%ﬁ@ﬁ,léﬁ/f@%?&gﬁﬁp R8s preduct)” eliﬂjs%%custom
synthesis product),y-GlusYakVall(custemyniheshs: grottict) op GasvakGlaftusoim sy rithasis
product), y-Glu-Val-Lys._(Gt is. pro ) pY=GlY=y:Glu-Val 0 is preduct),
DI CRE T (BLiom S hen oadia SO VA Pre o syrest, besdion, v Gl val-Ser
(customasy tResis pr6duer)! yIGRIPVAIPro ([asoRtSynthBSiFsBadds VestulfarAre Tt
synthesisproduct), yGha-valk-Asp feustomsynthasisprotiuct) hy Glo-Mal: Met (eustom sy nthiesis
product), y-Glu-Val-Thr (custom synthesis oduc%}i -Glu-Val-Hi tam synthesis p ({th),
y-Glu-V I¥ %neéii%tlo% éx?r?tﬁésﬁ% %rc?d?ﬁ%{gg% u- a%(l%r? (f(\:/t?étrggrrsiL %%hoe\g]lsé %r%d?%t), ;%3 u-Val-Cys
(customysyathesislsradGety A-Gi- VAo AP uStoRTsynthesis product: 2ahd y-Glu-Ser-Gly ( custom
synthesis_piodugty avere yised. Ghitanying andoystenesaere prepatesiuponiusen and the:other
«samples were stored at -20C after preparation. As_the, peptides, those each,having.a purity of 90% or
higher wWetd isEaPPERE bf %Og/i %Fpﬁibﬁgr %v%:édl;:ae%don ‘f/“i%}’r y- J%%EW%BSET%\:/%(‘% f ég ggﬁoﬁon
obtainedby: gissolving cacte yainplesisowdd an duidic’ Hi alkakdaphr theksoltic Whs atfusted to an
approximately, bewtral pkLby wsing NaOlkerrHGd ; dhe solutign-used forrdissalution eframinasacids and
peptides, preparation of Xenopus laevis ogcytes, and culture of the oocytes had the following
composfisHPee AT NeBF Zdtﬁﬁ/f:ﬁé?,efinﬁ%#v@blz 1.8 mM CaC12, 5 mM Hepes, and pH 7.2.
[0053][Redereace Example 3] Synthesis of y-Glu-Val-Gly Boc-Val-OH (8.69 g, 40.0 mmol) and
Gly-OBzI.HC1 (8.07 g, 40.0 mmol) were dissolvedin methylene chloride (100 ml) and the solution was
kept at OC. Triethylamine (6.13 ml, g mmol),ggoBt (1-hydroxybenzotriazole, 6.74 g, 44.0 ol), and
WSC.HC1 (1-ethy1-3-(3-dimethyl 9 C diimide hydrochloride, 8.44 g, 44.0 mmol) were
added to the solution, and the mixjigre was §tirred overnight at room temperature . The reaction
solution was ﬁaneentrate under rgduced p essure,@nd the pasique was dissolved in ethyl acetate
(200 ml). The salut as ed Wi ate mT‘)s.—Bﬂ/’b citfic acid aqueous solution ( 50 ml x
twice) , saturated brirfe (50 ml), 5% so@fum bicdfbonate aqueous solution (50 ml x twice), and
saturated brine (50 my The organic layer was gyied over anhydrous magnesium sulfate, magnesium
sulfate was removed by#iltration, and the filtrate was concentrated under reduced pressure. The
‘residue was recrystallized from ethyl acetate/n-hexane to obtain Boc-Val-Gly-OBz1 (13.2 g, 36.2
“mmol) as a white crystal. [0054]Boc-Val-Gly-OBz1 (5.47 g, 15.0 mmol) was added to a 4 N
HC1/dioxane golution (40 ml), and the mixture was stirred at room temperature for 50 minutes.
Dioxane was removed by concentration under reduced pressure, n-hexane (30 ml) was added to the
residue, and the mixture was concentrated under reduced pressure. The procedure was repeated 3
times to quantitatively obtain H-Val-G1y-OB#8IHC | H-Val-Gly-OBzI.HC1 and Z-Glu-OBz1 (5.57 g, 15.0
mmol) described above were dissal A eliniéne chloride (50 ml), and the solution was kept at
¥t (1-hydroxybenzotriazole, 2.53 g, 16.5 mmol), and
WSC.HC1 (1-ethy1-3-(3-dimethylapainOpropgl)carbOdjimide hydrochloride, 3.16 g, 16.5 mmol) were
added to the Hglg,é , m [As° thed o é ure overnight for 2 days. The
reaction solution was Foncentrated undgr reducgg pressure, and the residue was dissolved in heated
ethyl acetate (1, 500 Inl ) . The solutiort\was waghed with water (200 ml) , 5% citric acid aqueous
solution (200 ml x twi&ﬂgsaturated brine (150 m¥, 5% sodium, bicarbonate aqueous solution (200 ml x
twice), and saturated brine (150 ml). The organic layer was dried over anhydrous magnesium sulfate,
magnesium sulfate was removed by filtration, and the filtrate was concentrated under reduced
pressure. The precipitated crystal was collected by filtration and dried under reduced pressure to
obtain Z-Glu(Val-G1y-0311)-08z1 (6.51 g, 10.5 mmol) as a white crystal.
[00551Z-Glu(Val-Gly-OBz1)-0Bz1 described above (6.20 g, 10.03mmol)was suspendedinethanol
(200m1), 10%palladium/carbon (1.50 g) was addeq_Eo the suspension, and a reduction reaction was
performed under a hydrogen atmosphere at 55C for 5 hours. During he reaction, 100 ml in a total
volume of water were gradually added. The catalyst was removed by filtration using a Kiriyama funnel,

and the filtrate was concentrated under reduced pressure to a half volume. The reaction solution was
fiirther filterad throirioch a membrane filter and the filtrate wacec concentrated 1inder rediriced nraccerire




(2.85 g, 9.40 mmol). [0056]ESI-MS: (M+H)+=304.1. 1H-NMR (400 MHz, D20) 6 (ppm): 0.87
(3H, d, J=6.8 Hz), 0.88 (3H, d, J=6.8 Hz), 1.99-2.09 (3H, m), 2.38-2.51 (2H, m) 3.72 (1H, t, J=6.35 Hz),
3.86 (1H, d, J-17.8 Hz), 3.80 (1H, d, J=17.8 Hz), 4.07 (1H, d, J=6.8 Hz). [0057][Reference Example 4]
Synthesis of y-Glu-Cys(S-Me)-Gly [Cys(S-Me): S-methylcysteine] Reduced glutathione (15.0 g,
48.8 mmol) was added to water (45 ml) and sodium hydroxide (4.52 g, 2.2 equivalents, 107 mmol) was
added portionwise to the mixture under bubbling with nitrogen. Methyl iodide (4.56 ml, 1.5 equivalents,
73 mmolgI was added to the mixture, and the solution was sealed and stirred at room temperature for 2
hours. The%edétion solution was adjusted to pH 2 to 3 with concentrated hydrochloric acid,
supplemented with ethanol (150 ml), and stored overnight in a refrigerator. Since an oily product was
separated, the supernatant was removed. Wher¥e remained oily product was dissolved in water and
gradually supplemented with ethagpl, a partefly Cry%tallized oily product was precipitated. Therefore,
the supernatant was reboved agaif} The regidue was dissolved in water (300 mi), adsorbed to a
column fi 1#6;1 Eith an igp exchangge resin ( ?cetate, £ M) ; washed with water , and then
eluted with ‘a 12 #C acl eou tion: elultenfas concentrated under reduced pressure,
and reprecipitated frpm water/ethanol tg obtain y{Glu-Cys(S-Me)-Gly as a white powder (5.08 g, 15.8
mmol). [0058]FAB-Nsgs (M+H)+=322. 211-NMR (400 MHz, 020) 5 (ppm): 2.14 (3H, s),
2.15-2.22 (2H, m), 2.5(#2.58 (2H, m), 2.86 (1H, dd, J=9.0 Hz, J=14.0 Hz), 3.03 (1H, dd, J=5.0 Hz,
J=14.0 Hz), 3.84 (1H, t, J=6.5 Hz), 3.99 (2H, s), 4.59 (1H, dd, J=5.0 Hz, J=9.0 Hz) [0059][Reference
Example 5] Synthesis of other peptides y-Glu-Met (0), y-Glu-Val-NH2, y-Glu-Val-ol, y-Glu-Ser,
y-Glu-Tau, y-Glu-Cys(S-Me) (0), y-Glu-t-Leu, y-Glu-Cys(S-allyl)-Gly, and y-Glu-cys(s-me) were
synthesi%g@ %qccordance with Reference Examples 3 and 4. [0060][Reference Example 6]

/ Evaluation of calcium receptor-activating effect For evaluation of the calcium receptor-activating
effect, a Ca ion concentration-dependent Cl ionic current measuring method using a Xenopus laevis
oocyte expression system was used. If each activator is added to Xenopus laevisoocytes expressing
the calcium receptor, intracellular Ca {6 i G’I‘ﬁ?en, the Ca ion concentration-dependent Cl

not can be . [0061]xpecificalid_abdo of Xe QW& opened, and an egg:batch was
taken out and then ed % C ution 0C for 2 hours to obtain individual

oocytes. Into the oocytes, 50 nl of 1 pg/pH receptgfcRNA or§ 50 nl of sterilized water per oocyte were
injected by using a FMO glass capillary, and the qpcytes wegg cultured at 18C for 2 to 3 days. For the
culture, a Solution obtalded by adding 2 mM pyruvic acid, 10 Um1 penicillin,"” and 10 pg/ml . -
streptomycin to the solution mentioned in Reference Example 2 was used . After the culture , a test
solution was added to the oocytes injected with cRNA or sterilized water. ElectrophYsiological
measurement was performed by using an amplifier Geneclamp 500 (manufactured by Axon) and
recording software AxoScope 9.0 (manufactured by Axon). The oocytes were membrane membrane
potential-clamped at -70 mV by the double electrode potential clamp method, and the intracellular

. current via the Ca ion concentration-depende | ion was measured. The maximum value of the

“intracellular currents was considered zilfa%]e ret Qﬁfacurrent value.
0
HDZC\/\)J\N o\/cnzﬂ
; H ]
NH, 0 CH,
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[0062][Reference Example 7] Evaluation of calcium receptor-activating effect of calcium The calcium
receptor-activating effect of calcium was evaluated by using the method described in Reference
Example 6. That is, oocytes injected with cRNA of the calcium receptor or sterilized water were
prepared, and membrane potential-clamped at -70 mV by the double electrode potential clamp
method. To the potential-clamped oocytes, calcium was added (2 mM, 5 mM, 10mM, and 20mM), and
Ca ion concentration-dependent Cl response current was measured. FIG. 1 shows the results. The
results confirmed that cRNA of the calcium receptor injected into the oocytes was functionally
expressbfzr%;%iO g\g\ﬁ;her, since the oocytes injected with water did not respond to even a high concentration
of calcium,’i s confirmed that the calcium receptor was not expressed in the oocytes themselves.
[0063][Reference Example 8] Evaluation of calcium), receptor-activating effect of L-amino acids

The calcium receptor-activating effect of L-aming-g¢lds was evaluated by using the method described
in Reference Example 6. That is, oo&ytes inje@ed with cRNA of the calcium receptor or sterili zed

water were prepared, and membrani potentiafclamped at -70 m§ y.the double electrode potential

clamp methoﬂméoﬁ e poientjal-cl 10 “aryginine (10mM), asparagine (10
mM), aspartic acid (10vmM), .cysteine (LINMM), gldfamine (ID mM), glutamic acid (10 mM), glycine (10
mM), histidine (10 mM}, isoleucine (10 mHI), leucing (10 mMj, lysine (10 mM), methionine (10 mM),
phenylalanine (20 mMjjiproline (10 mM), serine (1@mm), th gine (10 mM), tryptophan (10 mM),
tyrosine (10mM), valine (EOmM), ornithine (10mM), taurine (10 mM), or hydroxyproline (10 mM) was
added, and Ca ion concentration-dependent Cl response current was measured. FIG. 2 shows the
results. The results demonstrated that cysteine, histidine, phenylalanine, tryptophan, and tyrosine each
had a definite calcium receptor-activating effect. As for the above-mentioned amino acids, the
activatingyeffect was repostediin Progaiatl o/Acad. Shie WSAnApe.c25] 2000, 97¢0): 48k4:0ral
[0064][Reference Example,9] Evaluation,af calgiym re or-activating, eff f tej The
calciumTece] pgfoia-i’?lc:%t(l:?/a%i‘%cgjhef?lesf;'?c(g)l#r 5’-0%%&%%%?5’&765 l?dteg j:b%/' u.';gifr]%r fhg?gnlg’[h%:c? )éSéS(t?(igbte'd in
RefererceExdimple 62 That iy DocyRd ifjeerd witlicRRAGIThaBARuMRTeCeStor Or &rflizBd water
were prgparesh @hd-membrana-netential:clagiped ats 70mY hy dhe stodlie eleciroder potential clamp
method. To the potential-clamped gocytes, D-cysteine (10 m -qystei (10mM), - D-tryptophan
(10mM)?8ﬁE—?ryﬁfbbﬂaﬁ%ﬁ%m V\?f‘s%d?%,réng o) i%(ﬁ %t’)nl\cqezzjrg!tl_lroa%t\i/eci)%(?L e%énjgoelrr?;}gl (%Ill%é{gogﬁse current
was measuredhEIG: 3 shows: trevrestilts; ifhe fesifts demenstraid® that -6y SemeNRad addtinite
calcium receptorsactivating effest, [A065][Reference Example 16} Exaluatien ofcaleivir ring
receptor-activating effect of peptides The calcium. receptor:activating effect of a peptide evaluated
by using the"Bthad teBeribal Tir Retsrétice EXAfpre 6 q‘ﬁg{:t ig,uo('%%ytgg inf%%’?e% v@%ﬁlggﬁi'of the
calcium sgesiptarear sterdized-watenwe roprepareticand htembrehe poentigliclamped at - 76 fV by the
-G CYTONOS-l 50, P, Al (50 oM 7ol (500 Myt (50 P YoMt
y-Glu-Lys -Gly pM), y-Glu-Ala pM), y-olu- y-lu- P -Glu-Met
(500 LINDE yE@RETRAGRTHNGL yAERAVA(SD V) § E-ld’r% ( %BP ?Aff%?’égj(s? ?n%/lf"\@c?yi?ely (1
mM), CysaMet(d feM}) iGIu-Sys (E0npM); GleCys:(560 pMY; 0§ beurAsprdvai Wasagdéd fand Ca ion
-Concem[féié?g" ependent C| responsg cunentwas measyeds 1G4 shaws thesresulls, Fhesfesults

. demonstrated that the above-mentioned peptide had a definite calcium receptor-activating effect.
[0066][Retérefied ExdmpBR B EVAIBESADF calcium

(1) Gly: Glycine

(2} Ala: Alanine

(3} val: Valine

(4) Leu: Leucine

(5) Ile: Iscleucine
(6) Met: Methionine
(7} Phe: Phenylalanine
(8) Tyr: Tyrcsine

{9} Trp: Tryptophan
(10) His: Histidine
(11} Lys: Lysine
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receptor-activating effect of peptides The calcium receptor-activating effects of peptides were
evaluated in the same manner as that of Reference Example 10. Each of the peptides shown in Table
1 was added to potential-clamped oocytes at 1,000 pM, 300 uM, 100 pM, 30 pM, 10 pM, 3 pM, 1 pM,
0.3 pM, and 0.1 pM, and Ca ion concentration-dependent Cl response current was measured. The
lowest concentration at which current was detected was shown in Table 1 as the activity. The results
revealed that those 32 kinds of peptides each had a calcium receptor-activating effect. [0067] 1
Number.PeptideActivity y-Glu-Met(0) 1,000TIM 2 y-Glu-Val-Vsl| 1,000pM 3 y-Glu-Val-Glu 1,000pM 4

_ y-GIu-V%Iz)ss %980p|}{|15g ¥:Gly:Val-Arg 1,000TIM
(13) Ser: Serine
(14) Thr: Threonine

(15) Asp: Aspartic acid
" (16} Glu: Glutamic acid

{17} Asn: Asparagine

(18) Gln: Glutamine

{19) Cys: Cysteine

(20) Pro: Proline

{21} Orn: Ornithine

22) Sar: Sarcosine

23) Cit: Citrulline

(24) N-=Val: Norvaline

25) N-Leu: Norleucine

26) Abu: a-Rfinobutyric acid
27) Tau: Taurine

28) Hyp: Hydroxyproline

{29) t-Leu: tert-Leucine
(30) Cle: Cycloleucine
(31) Aib: o-Aminoiscbutyric acid (2-methylalanine)

(32) Pen: L-Penicillamine

{0GC333 Further,examplesoftheaminoacidderivativeinclude
various derivatives of above-mentioned amino acids such as an
unusual amino acid, a non-natural amino acid, an amino alcohol,
anda substitutedamino acidofwhichsidechainsuchasthe terminal
carbonyl group, the terminal amino group, and the thicl group
of cysteine, is substituted with various substituents. Examples
of the substituent include an alkyl group, an acyl group, a hydroxy
group, an amino group, an alkylamine group, a nitro group, a
sulfonyl group, and various protection groups. Examples of the
substituted aminoc acid include: Arg(NO2): N-y-nitroarginine;

Cys (SNO}: S-nitrocysteine; Cys(S—Me): S-methylcysteine;

Cys (S~allyl): S-allylcysteine; Val-NH,: valinamide; and Val-ol:
valinol (2-aminc-3-methyl-l-butancl).

[0034] It should be noted that herein, y-Glu-Cys(3NO)-Gly
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6 y-Glu-Val-Asp 1,000pM y-Glu-Val-Met 1,000TIM 8 y-Glu-Val-Thr 1,000pM 9 y-Glu-y-Glu-Val
1,000uM 10 y-Glu-Val-NH2 1,00011M 11 y-Glu-Val-ol 1,000pM 12 y-Glu-Ser 300 uM 13

has the following structural formula, and the "{O)" in the above
and y-Glu-Cys{S-Me} (O) indicates &

formulae vy=-Glu-Met (O]
in the y-Glu indicates that

sulfoxide structure. The "(y)"
glutamic acid binds to another amino acid via the carboxy group

at the y-position in glutamic acid.
ro035]

/o

N
|
S

H

=2

NH, 0

s-Nitrosoglutathione (GNSO)

(00361 v-Glu-%-Gly (X represents an amino acid or an amino

acid derivative), y-Glu-vVal-Y (Y represents an amino acid or an

amino acid derivative), y-Glu-Ala, y-Glu-Gly, y-Glu~-Cys,

v-Glu-Met, y-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly, Cys-Gly,

Cys-Met, Glu-Cys, Gly-Cys, Leu-Asp, D~Cys, yv-Glu-Met (0),

( y-Glu-y~Glu~-vVal, y-Glu-Val-NHgz, vy-Glu=~-vVal-cl, y-Glu-Ser,
y~Glu-Tau, y-Glu-Cys{S-Me} (O}, y-Glu-Leu, y-Glu-Ille,

v~Glu-t-Leu, .and y-Glu-Cys(5-Me) each improvefthe fat-like

richness of the low-fat food.
Therefore, y-Glu-¥X-Gly (X represents an aminc acid or an

amino acid derivative), y-Glu-vVal-Y (Y represents an amino acid
or an amino acid derivative), y-Glu-Ala, y—Glu-Qly, v=Glu-Cys,

y-Glu-Met, y-Glu-Thr, y-Glu-Val, yv-Glu-Orn, Asp-Gly, Cys-Gly,

Cys=-Met, Glu-Cys, Gly-Cys, Leu-Asp, D-Cys, y-Glu-Met(0),

yv-Glu-y-Glu-val, y-Glu-Val-NHz, y=Glu-vVal-ol, y~-Glu-Ser,

v-Glu-Tau, y-Glu-Cys(8-Me) (O}, y=Glu-Leu, y-Glu-Ile,

y-Glu-t-Leu, and y-Glu-Cys(5-Me) {hereinafter, also referred to
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y-Glu-Tau 300 pM 14 y-Glu-Cys(S-Me)(0) 30011M 15 y-Glu-Val-His 100 pM 16 y-Glu-Val-Orn 100
pM 17 y-Glu-Leu 100 pM 18 y-Glu-lle 100 pM 19 y-Glu-t-Leu 100TIM 20 y-Glu-Cys(S-allyl)-G1ly

as "peptide and amino acid to be used in the present inventiocn")
can be used as a taste improving agent for a low-fat food which
is added to a low-fat food for imparting fat-like richness to
a taste of the low-fat food.

(0037} The compound to be used in the present invention may
be used alone or may be used as a mixture of arbitrary two kinds
or three ormore kinds. Of those, preferred compound is a compound
having the following styuctural formula: y-Glu-X-Gly (X
represents Cys (SNO), Cys(S-allyl), Gly, Cys{S-Me}, hbu, t-Leu,
Cle, Aib, Pen, or Ser); oOr v-Glu-vVal-~Y (Y represents Gly, Val,
Glu, Lys, Phe, Ser, Pro, Arg, Asp, Met, Thr, His, Orn, Asn, Cys,
Gln, GlyA, or Lach). Of those conpounds, particularly preferred
compound is y~Glu-Val-Gly or y—Glu-Abu~Gly.

[0038] When the above-mentioned compound is
commeréially—availabl@,a,commerciaily—availablepmoductw:anbe
used. °Further, when the compound was a peptide, the peptide can
be obtained,by appropriately using a known rechnigue such as (1)
a4 method of chemical synthesis, or (2) a method of synthesizing
the peptide by an enzymatic reaction. Since the number of amino
acid residues contained in the peptide to be used in the present
invention is as comparatively small as 2 or 3 residues, a method
of chemical synthesis is convenient. When chemically
synthesizing the peptide, the oligopeptide can be synthesized
or semi-synthesized by using a peptide synthesizer. BAn example
of the method of chemical synthesis of the peptide includes a
peptidé solid phase synthetic method. The peptide synthesized
as described above can be purified by usual neans such as ion
exchange chromatography, reversed phase high performance liquid
chromatography, or affinity chromatography. Such a solid phase
synthetic method of the peptide and thezsubsequent peptide
purification are well known in this technical field.

[0039] Further, the peptide tc be used in the present
invention can also be produced by an enzymatic reaction. For
example,themethoddescrib@dinWOZOO4/011653canbeused. That

is, the peptide can also be produced by: reacting one amino acid
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100 pM 21 y-Glu-Val-Asn 30 pM 22 y-Glu-Gly-Gly 30 pM 23
y-Glu-Val-Phe 30TIM 24 y-Glu-Val-Ser
30 pM 25 y-Glu-Val-Pro 30 pM 26 y-Glu-Ser-Gly 30TIM 27 y-Glu-Cys(S-Me) 30TIM ’

or dipeptide of which carboxyl terminus is esterified or amidated
with an amino acid having a free amino group (for example, an
aminc acid of which carboxyl group is protected) in the presence
ofapeptid@producingenzyme;andpurifyingtheproduceddipeptide
or tripeptide. Examples of the peptide preoducing enzyme include
acultureofandcroorganismhavinganabilitytoproduceapeptide,
microbialcellsseparatedfrmmtheculture,oraprocessedproduct
of cells of the microorganism, oOr & peptide producing enzyme
derived frdm the microorganism.

Itshouldixanotédthat1ﬁm3peptidetxDbeusedjjithepresent
invention is not only produced by such an enzymatic method or
achemicalsynthesismeth@iasn@ntionedabove,butalsomayexist
in, for example, a plant such as a vegetable or a fruit, a
microorganism such as a yeast, and a yeast extract. When the
peptide exists in natural products, the peptide may pe extracted
from these natural products before use:

Further, the peptide does not need to be isolated before
use, and there may be used a fraction coﬁtaining the peptide of
the present invention in a large amount.

[06040] Examples cf the lomeoleculatwweight compound to be
used in the present invention include cinacalcet
((R)—N“(3~(3~(trifluoromethyl)phenyl)propyl)—l—(l—naphthyl)e
thylamine) and an analogous compound thereof. Examples of the
analogouscompoundofcinacalcetincludethecompoundrepresented
by the following chemical formula {1)
((R)wN—[(4methoxyw3-m@thylphenyl}methyl]—l~(1mnaphthyl}ethyl
amine)) or the compound represented by the following chemical
formula (2}
((R)—N—(3~phenylpropw2—ényl)—lw(3—methoxyphenyl)ethylamine).
Those compounds may be synthesized by such a known method as
described in US Patent No. 6,211,244, for example. Further,
commercially-available products may alsc be used.

[0041) |
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28 y-Glu-Val-Cys 10TIM 29 y-Glu-Val-GIn 10 pM 30 y-Glu-Abu-GlY 3TIM 31 y-Glu-Cys(S-Me)-Gly
3TI.M 32 y-Glu-Val-Gly 0.1pM [0068][Reference Example 12] Kokumi-imparting activity of peptide and
amino acid to be used in present invention Typical examples are selected from y-Glu-X-Gly (X
represents Cys (SNO), Cys (S-allyl) , Gly, Cys (S-Me) , Abu, or Set) , y-Glu-Val-Y (Y represents Gly,
Val, Giu, Lys, Phe, Set, Pro, Arg, Asp, Met, Thr, His, Orn, Asn, Cys, or Gin) , y-Glu-Ala, y-Glu-Gly,

\\»//O

<X

ey
N -
@)
10042] The compound to be used in the present inventicn also

"include that in the form of a salt. When the peptide and the
‘amino acid to be used in the present invention are in the form
of a salt, the salt may be a pharmacclogically acceptable salt.
1Examples of a salt with an acidic group such as a carboxyl group
in the formula include: an ammonium salt; a salt with an alkali
metal such as sodium and potassium; a salt with an alkaline earth
metal such as calcium and magnesium, an aluminum salt, a zinc
'salt; & salt with an organic amine such as triethylamine,
ethanolamine, morpholine, pyrrolidine, piperidine, piperazine,
‘and dicyclohexylamine; and a salt with a basic amino acid such
‘as arginine and lysine. Examples of a salt with a basic group
'in case where the basic group exists in the formula include: a
salt with an inorganic acid such as hydrochloric acid, sulfuric
-acid, phosphoric acid, nitric acid, and hydrobromic acid; a salit
with an organic carboxylic acid such as acetic acid, citric acid,
penzoic acid, maleic acid, fumaric acid, tartaric acid, succinic
‘acid, tannic acid, butyric acid, hibenzoic acid, pamcic acid,
.enanthoic acid, decancic acid, teoclic acid, salicylic acid,
lactic acid, oxalic acid, mandelic acid, and malic acid; and a
salt with an organic sulfonic acid such asznethanesulfonic acid,

benzenesulfonic acid, and p-toluenesulfonic acid.
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y-Glu-Cys, y-Glu-Met, y-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly, Cys-Gly, Cys-Met, Glu-Cys, Gly-Cys
Leu-Asp, D-Cys,y-Glu-Met(0), y-Glu-y-Glu-Val, y-Glu-Val-NH2, y-Glu-Val-ol, y-Glu-Ser, y-Glu-Tau, ’
y-G[u-Cys(S-Me) (0), y-Glu-Leu, y-Glu-lle, y-Glu-t-Leu, and y-Glu-Cys(S-Me), in each of which a
calplpm receptor-activating effect was found, and the presence or absence of the kokumi-imparting
activity was examined by a sensory evaluation test. [00691The sensory evaluation test was performed
as follows. To distilled water containing sodium glutamate (0.05 g/dl), inosine monophosphate (0.05
g/dl), and calcium chloride (1 mM), each of alliin (S-allyl-cysteine sulfoxide: control experiment of

kokumi-impading activity), y, 'Ht%yiﬁ%%%g%seHtef%-ﬁlﬁgaﬂ(%y@%y@lavvaﬂwe&as. a sample
in an amounto 0.2 g/dl, and the presence or absence of the kokumi-imparting activity was
determifie¢dt should be noted that a sample, which became acidic after the sample had been

s, s MHEG L B!l B4 yT St bl Shevatie et (0070
Kokumifcifﬁ'ff‘é:rt‘ijhsge _§cﬁ\z}ity y%%%?se- ylﬁéﬁhﬁl : ?/%gi}% u\?;\%aﬁg égllﬁ%gﬁfg[g(% %L efe?(;l ré% Example
13] Kokagwrhpénmgacﬁ@yofpéptﬁeﬁ@rbéqbéé@inlﬁre%@ﬁﬁﬁv&ﬁidh Lowrifehtidg fiwhith a
calcium receptor-activating effest was foundavas examineskfor s irftensity offkakumisimpartihg activity
by a quantitative sensorg evaluatjon test. | . . .
may be formed of only one kind or a mixture of two or more kinds.
Further, the compound to be used in the present invention may
be incorporated into the low-fat food to forma low-fat food having
improved fat-like richness.
[0044) The taste improving agent for a low=fat food of the
present invention may be formed of only one kind or only two or
more kinds chosen from the above-mentioned compounds to be used
in the present invention, for example, or may further be formed
by optionally adding other compound, various additives, and the
like each having an function of improving a taste of the low-fat
food.
[0045] The amount of the tasté improving agent for a low-fat
food to be added to the low-fat food is not particularly limited
as long as the amount may be sufficient for improving a taste,
in particular, fat-like richness, of the low-fat food.
Specifically, the amount of the compound is 1 ppb to 9%.9% by
weight, preferably 10 ppb to 10% py weight, and more preferably
about 1 ppm to 1% by weight in the low-fat food, for example.
[004¢6] The low-fat food of the present invention contains
the compound to be used in the present invention. The compound
may be formed of only one kind or a mixture of two or more kinds.
The ingredient of the low-fat food of the present invention is
not particularly different from that of a conventional low-fat
foodexceptthatthelow—fatfomdofthepresentinventioncontains
the above-mentioned compound. Also for the production method,
the low-fat food of the present invention may be produced in the
same manner as in a general low-fat food except for the addition

of the above-mentioned compound.
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The. guantitative sensory evaluation test was performed as follows. To distilled water containing
sodium glutamate (0.05 g/dl), inosine monophosphate (0.05 g/dl), and sodium chloride (0.5 g/dl), each
of y-Glu-Cys-Gly (glutathione), y-Glu-Ala, y-Glu-Met, and y-Glu-Val was mixed as a sample in ar’l
amount of 0 . 1 g/dl, and the kokumi-imparting activity intensity was measured . It should be noted
that a sample, which became acidic after the sample had been dissolved, was adjusted with NaOH to
pH 6.8_to 7.2 before use. It should also be noted that there is known that glutathione may impart
kokumi to a food, and thus, glutathione was used as a comparative control. The test was performed
with n=3 based on the following sensory evaluation scores: control (0O point) and glutathione addition (3
points) Exa#1® 3%hows the results. It should be noted that the term "initial and middle taste" is a

collective termyof an initiad taste and ermiddietaste S0 T72] ekt 3 Sainplé CinEéntratio n(g/di)

.g?lk“m' intensity Evalugtion.comments, ;ipifialand middle teste Afieiaste . Cantrobv@ 0, yBla-Cys-Gly

scope of the present invention is not limited to those examples.
10048] [Referenceﬁxamplel}Preparaflono calcli umrecemtor
gene (cRNA}
Thegeneofthecalciumreceptorgenewaspreparedasfollows.
On the basis of the DNA seguence registered at NCBI fcalcium
receptor: NM 000388, synthetic oligo DNAs (forward primer (SEQ
D NO: 1) and reverse primer (SEQ ID NO: 2)) used for PCR were
synthesized.
[0049] HumankidnechNA(manufactureﬂbyclontech)wasused
as a material, and PCR was performed by using the primers and
pfu ultra DNA Polymerase {(manufactured by Stratagene) under the
followxng conditions. After a reaction at 54°C for 3 minutes,
a cycle of reactions at 94°C for 30 seconds, 55°C for 30 seconds,
and 72°C for 2 minutes was repeated 35 times, and then a reaction
was performed at 75°C for 7 minutes. Whether amplification was
attainedbyPCRWasdetectedbypexformingagaroseelectrophoresis,
staining with a DNA staining reagent, and subseguent ultraviolet
irradiation. ThechainlengthsoftﬁmaPCRproductswereconfirmed
by comparison with DNA markers of known sizes which were
simultaneously subjected to the electrophoresis. The plasmid
vector pBR322 was digested with the restriction enzyme ECORV
(manufactured by Takara). The gene fragment amplified by PCR
was ligated to the cleavage site of the plasmid by using Ligation
Kit (manufactured by Promega) . The Escherichia coli DHSw strain
was transformed with the ligation reaction solution, and a
transformantharboxingtheplasmidjjzwhichthePCRamplification
product was cloned was selected. The PCR amplification product
wasconfirmedknrDNAsequenceanalysis. By using the recombinant
plasmid as a template, CRNA of the calcium receptor gene was
prepared using a cRNA preparation kit (manufactured by Ambion}.
[0050] [Reference Example 21 Preparation of various samples

As L-amino acid samples, 23 kinds of special grade amino
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3._0 3.0 Th_ickness,growth,and continuity are enhanced. vGlu-Ala 0.1 0.5 0.2 The effect is weak, but
thickness is slightly enhanced. yGlu-Met 0.1 1.5 0.4 Thicknessandgrowthare slightly enhancedj
yGlu-Val 0.1 3.0 1.0 Thickness andgrowthare enhanced mainly in initial and middle taste.
[0073][Reference Example 14] Kokumi-imparting activity of

acids including alanine, arginine, asparagine, aspartic acid,
cysteine, glutamine, glutamic acid, glycine, histidine,
isoleucine,leucine,lysine,methionine,phenylalanine,proline,
serine, threcnine, tryptophan, tyrosine, valine, ornithine, and
taurine(aliofthosefromAjincmotoCo.,Inc.),andhydroxyproline
(Nacarai Tesgue, Inc.), were used. As D-Cys and D-Trp (Nacarai
Tesque, Inc.) and calcium chloride, those of special grade were
used. '
[0051] Further, as peptide samples, y-Glu-Cys-Gly {éigma
Aldrich&épaanK.),V—GlumCys(SNO)—Gly(DojindoLaboratoriesL
yv-Glu~Ala (Bachem.Feinchemikalien AG), ymGlu—Gly {Rachem
Feinchemikalien AG), y-Glu-Cys (Sigma Aldrich Japan K.K.),
y-Glu-Met (Bachem reinchemikalien AG), y-Glu-Abu-Gly (Abﬁ:
o-aminobutyric acid, Bachem Feinchemikalien AG), y—-Glu-Thr
(Kokusan Chemical Co., Lté,); v-Glu-vVal (Kokusan Chemical Co.,
Ltd.), y-Glu-Leu {custom synthesis product}, y~Glu—Ile (custom
synthesis product), y—-Glu-Orn (Kokusan Chemical Co., Ltd.),
Asp~Gly {(custom synthesié product), Cys-Gly (custom synthesis
product), Cys-Met (custom synthesis product), Glu-Cys (custom
synthesis product), Gly—Cys {custom synthesis product), Leu-Asp
(custom synthesis productj, v—-Glu=~Val-Val (custom synthesis
product), y=-Glu-Val-Gliu (custom synthesis product],
y-Glu-Val-Lys (custom synthesis product), yv-Glu=-y-Glu-Val
(custom synthesis product), y—-Glu=-Gly-Gly ({(custom synthesis
product}, v-Glu-Val-Phe (custom synthesis product),
y—Glu—Val“Ser(custmmsynﬁhesispxoduct),v~Glu—Val—Pro{custom
synthesis product), y-Glu-Val-Arg {(custom synthesis product),
v~Glu~Val—Asp(custonlsynthesispmoduct},y*Glu—Val~Met{custom
synthesis product), y—-Glu~Val-Thr (custom synthesis productj,
valu—ValmHis(custmnsynﬁhesisproduct),yﬁGlu—Val“Asn(custom
synthesis product}, y-Glu-Val-Gln (custom synthesis product),
y—Glu-Val—Cys(custmmsynthesisproduct),y—Glu~Val—Orn(custom
synthesisproduct),andwalu—SerwGly{customsynthesisproduct)
were used. Glutamine and cysteine were prepared upon use, and

the other samples were stored at -20°C after preparation. BAs
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peptide to be used in present invention A peptide in which a calcium receptor-activating effect was
found was ex_amlned for its kokumi-imparting activity intensity by a quantitative sensory evaluation test
The_ guantitative sensory evaluation test was performed as follows. To distilled water containing .
sodium glutamate (0.05 g/dl), inosine monophosphate (0.05 g/dl), and sodium chloride (0.5 g/dl), each
of y-Glu-Cys-Gly (glutathione), y-Glu-Cys, y-Glu-Val, and y-Glu-Val-Gly was mixed as a sample in an
amount of 0.1 g/d1, or 0.01 g/dl as required, and the intensity of kokumi-imparting activity was
;neasluredd. It shOL(Jqu be(;loted that a sample, which became acidic after the sample had been

issolved, was adjuste Wi{'gh NaOH to pH.6.8 ta. 7.2_befqre. . Thestest was edwi =
based ohtfe B6RWING Sensdy Se%aﬁuaa‘ﬁ%n 8 8resdch n??o %@5 nCE)L ae?\tc? C IuE}!a‘Etth}iﬁt))fr;%)in‘rc?di'ﬁsjfy]ﬂ % rE)o?nts).
Table 4 shevs theuesults. [0D78] Bable ArSarhple Corcehfi&fo Al igapéurﬁriﬁ%éhéw Evaluation

COmmE?%égi}ialand W@ﬁ taste Aftertaste .Coptrehn@ 8 by dissolving each sample

showed an acidic or alkaline pH, the solution was adiusted to
an approximately neutral pH by using NaOH or HCl. The solution
used for dissolution of amino acids and peptides, preparation
of Xenopus laevis cocytes, and culture of the oocytes had the
following composition: 96 mM NaCl, 2 mM KCl, 1 mM MgCl,, 1.8 mM
caCl,, 5 mM Hepes, and pH 7.Z.
{00531 [Reference Example 3] Synthesis of y-Glu-vVal-Gly

Boc-Val-OH (8.69 g, 40.0 mmol) and Gly-OBz1-HC1l (8.C7 g,
40.0 mmol) were dissolved in methylene chloride (100 ml) and the
solution was kept at 0°C. Triethylanine (6.13 ml, 44.0 mmolj},
HOBt (l-hydroxybenzotriazole, 6.74 g, 44.0 mmol), and WSC-HCI
(1—ethyl—3—(3~dimethylaminopropyl)carbodiimidehydrochloride,
8.44 g, 44.0 mmol) were added to the soluticn, and the mixture
was stirred overnight at room temperature. The reaction solution
was concentrated under reduced pressure, and the residue:was
dissolved in ethyl acetate (200 ml). The solution was washed
withwater {(50ml), %citricacidaqueoussolution(SOnﬂvxtwice),
saturated brine (50 ml), 5% sodium bicarbonate aquecus solution
(50 ml x twice), and saturated brine (50 ml). The organic layer
was dried over anhydrous magnesium sulfate, magnesium sulfate
wasremovedbyfiltration,andthefiltratewasconcentratedunder
reduced pressure. The residue Was recrystallized from ethyl
acetate/n-hexane to obtain Boc-Val-Gly-OBzl (13.2 g, 36.2 mmol)
as a white crystal.
f0054] Boc~-Val-Gly-0Bzl (5.47 g, 15.0 mmol) was added to a
4 N HCl/dioxane solution (40 ml}, and the nixture was stirred
at room temperature for 50 minutes. Dioxane was removed by
concentration under reduced pressure, n-hexane {30nﬂj'was added
to the residue, and the mixture was concentrated under reduced
pressure. The procedure was repeated 3 times to guantitatively
obtain H-Val-Gly-OBzl-HCL

H~Val-Gly~-0Bz1l-HCl and 7-Glu-0Bzl (5.57 g, 15.0 mmol)
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- yGlu-Cys-Gly 0.1 3.0 3.0 Thickness,growth,and continui

: . gt : tinuity are enhanced. yGlu-C
sll%htly weaker but comparaple gffect is exhibited compared with y-GIu-Cys)(GIy T)rll?c(l)(.nlei.so oA
andgrowthare enhanced mainly in initial and middle taste. yGiu-Val 0.1 3.0 1.0 .yGIu-VaI-GIy 0.1

described above were dissolved in methylene chloride (5C ml),
and the solution was kept at 0°c. Triethylamine {2.30 ml, 16.5
mmoel}, HOBL (1—hydroxybenzotriazole, 2.53 g, 16.5 mmol), and
WsC-HCL (1—ethylw3“(S—dimethylaminopropyl)carbodiimide
hyd;ochloride, 3.16 g, 16.5 mmol) were added to the sclution,
and the mixture was stirred at room temperature overnight for
2 days. The reaction solution was concentrated under reduced
pressure, and the residue was dissolved in heated ethyl acetate
(1,500ml). Thesolutionwaswashedwithwater(200ml),5%citric
acid agueous solution (200 ml x twicel, saturated brine (150 ml},
5% sodium bicarbonate aqueous solution (200 ml x twice), and
saturated brine (150 mi). The corganic layer was dried over
anhydrous magnesium sulfate, magnesium sulfate was removed by
filtration, and the filtrate was concentrated under reduced
pressure. The prééipitated crystal was collected by filtration
and dried under reduced pressure to obtaln
Z—Glu(ValﬁGlymOle)—Ole (6.51 g, 10.5 mmol) as a white crystal.
[0055] 7-Glu(vVal-Gly-0Bzl)-OBzl described above (6.20 g,
10.03mmol)wassuspendedinethanol(200m1),lﬁ%palladium/carbon
(1.50 g) was added to the suspension, and a reduction reaction
was performed under a hydrogen atmosphere at 55°C for 5 hours.
Duringthereaction,lOOHﬂ;Mlatotaivolumeofwaterweregradually
added. The catalyst was removed by filtration using a Kiriyama
funnel, and the filtrate was concentrated under reduced pressure
to a half volume. The reaction solution was further filtered
throughan&mbranefilter,andthefiltratewasconcentratedunder
reduced pressure. After the residue was.dissolved in a small
volume<yfwater,ethanolnﬁmsaddedtxytheresultanttx)precipitate
a crystal, and the crystal was collected by filtration and dried
under reduced pressure tO obtain y-Glu-vVal-Gly as a white powder
(2.85 g, 9.40 mmol). |
[0056] ESI-MS: (M+H) =304.1.

ly-NMR (400 MHz, D;0) & {ppm): 0.87 (3H, d, J=6.8 Hz}, 0.88
(3H, d, J=6.8 Hz), 1.99-2.09 (3H, m), 9.38-2.51 (24, m) 3.72 {1H,
t, J=6.35 Hz), 3.86 (1E, &, J=17.8 Hz), 3.80 (1H, d, J=17.8 Hz),
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yGlu-Val-Gly 0.01 3.0 3.0 Thickness and continuity are mainly enhanced.The whole . taste is
enhanced. *Unmeasurable:kokumi-impartingac vity is too strong to measure by sensory evaluation.
[0075][Reference Example 15] Kokumi-imparting activity of peptide to be used in present invention

A peptide in which a calcium receptor-activating effect was found was examined for its
kokumi-imparting act ivity intensity by a quantitative sensory evaluation test. [0076]The quantitative
sensory evaluation test was performed as follows. To distilled water containing sodium glutamate (0.05
g/d1), inosine monophosphate (0.05 g/dl), and sodiumchloride (0.5 g/dl), each of y-Glu-Cys-Gly

(glutathione), y-Glu-Abu-01ly, ar%? }é—ﬁGlu-Val-Gly was mixed as a sample in an amount of 0.1 g/dl or
0.01 g/dl; &rid ﬂ"ﬁe}{inteﬁiusitfﬁiﬁko u '-}lmparting activity was measured. It should be noted that a

sample{whish became aRielitafter dve SampleifadiBecivaisssived viis adjusted with NaOH to pH
6.8 to 7y%8‘?tf85 use. Ihe testwas perfarmeduaith nsl2based ary thefohleving sensory evaluation
scores : control dzpomt) and glutathione ad(_jltlono(s pohrgs.)BTn%Eycljeﬁ shows, theJgsulis, [0077] Table 5
Sample Conceriffio FR6)EL) Kokhfmt éndity” - 0 97 =° |
(4% ml) and sodium hydroxide (4.52 g, 2.2 eguivalents, 107 mmol)
was added porticnwise to themixture under bubblingwithnitrogen.
Methyl iodide (4.56 ml, 1.5 eguivalents, 73 mmol) was added to
the mixture, and the solution was sesaled and stirred at room
temperature for 2 hours. The reaction solution was adjusted to
| pH 2 to 3 with concentrated hydrochloric acid, supplemented with
ethanol (150 ml), and stored overnight in a refrigerator. Since
an oily product was separated, the supernatant was remcved. When
the remained oily product was dissolved in water and gradually
supplemented with ethanol, a partially crystallized oily product
was precipitated. Therefore, the supernatant was removed again,.
The residue was dissclved in water (300 mly, adsorbed to a column
filledwith an ion exchange resin {(Dowex l—acetate, 4OQ ml), washed
withwater, and then elutedwitha lN acetic acidagueous solution.
The eluate was concentrated under reduced pressure, and
reprecipitated from water/ethanol to obtain yv-Glu-Cys (5~Me)}-Gly
as a white powder (5.08 g, 15.8 mmol).
[0058] FAB-MS: (M+H) '=322.
IH_NMR (400 MHz, D,0) & {ppm): 2.14 (3H, s), 2.15-2.22 (2H,
m)y, 2.50-2.58 (2H, m), 2.86 (1H, dad, J=9.0 Hz, J=14.0 Hz), 3.03
(1H, dd, J=5.0 Hz, J=14.0 Hz)}, 3.84 (1H, t, J=6.5 Hz)", 3.99 (21,
s), 4.59 (1H, dd, J=5.0 Hz, J=9.0 Hz)
{.0059] [Reference Example 5] synthesis of other peptides
y-Glu-Met (O}, y-Glu-Val-NHp, y-Glu-vVal-ol, y=-Glu-Ser,
y~Glu-Tau, y-Glu-Cys (s-Me} (O), y-Glu-t-Leu,
y—G1lu-Cys (S-allyl)-Gly, and y~Glu~Cys (S-Me) were synthesized in
accordance with Reference Examples 3 and 4.
[0060] [Reference Example 6] Evaluation of calcium
receptor-activating effect _
For evaluation of the calcium receptor-activating effect,

aCa ion concentration-dependent Cl ioniccurrentmeasuringmethod
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Evaluation Comments Initialand middle taste Aftertaste C
_ 1ala ontrol 0 0 yGlu-Cys-Gly 0.
Thickness,growth,and continuity are enhanced. yGlu-Abu-Gly 0.01 3.0y2.0 Yooy 043030

using a Xenopus laevis oocyte expression system was used. If
each activator isaddedtx>Xenqpuslaevisoocytesexpressingthe
calcium receptor, intracellular Ca ions increase. Then, the Ca
ion concentration-dependent Cl channel opens, and the
intracellular current value changes as an ionic current. By
measuring the change in the intracellular current value, whether
the calcium receptor-activating effect is present or not can be
KNown .
[G0ol] Specifically, abdomen of Xenopus laevis was opened,
andaneggbatchwastakenoutandthentreatedwithal%collagena&a
solution at 20°C for 2 hours To obtain individual oocytes. Into
the oocytes, 50 nl of 1 pg/ul receptor cRNA Or 50 nl of sterilized
water per oocyte were injected by using amicro glass capillary,
and the oocytes were cultured at 18°C for 2 to 3 days. For the
culture, a solution obtained by adding 2 mM pyruvic acid, 10 U/ml
penicillin,” and 10 pwg/ml streptomycin to the solution menticoned
inReference Example 2wasused. Aftertheculture, atest solution
was added té the oocytes injected with cRNA or sterilized water.
Electrophysiological measurement was performed by using an
amplifier Geneclamp 500 (manufactured by Axon) and recording
software AxoScope 9.0 (manufactured by Axon). The pocytes were
membrane membrane potential—clamped at -70 mV by the double
electrode potential clamp method, and the intracellular current
via the Ca ion concentration-dependent Ccl ion was measured. The
maximum value of the intracellular currents was considered as
the responée current value.
[0062) [Reference Example 7] Evaluation of calcium
receptor-activating effect of calcium

The calcium receptor-activating effect of calcium was
evaluated by using the method described in Reference Example 6.
That is, oocytes injected with CRNA of the calcium receptor or
sterilized water were prepared, and membrane potential-clamped
at -70 mV by the double electrode potential clamp method. To
the potentialmclamped oocytes, calclum was added (2 mM, 5 mM,

10 mM, and 20 mM}, andﬁjajxxlconcentration—dependenti:iresponse
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Thicknessandgrowthare enhanced mainly in initial and middle taste. yGlu-Val-Gly 0.01 3.0 3.0
Thickness and continuity are mainly enhanced.The whole taste is enhanced. [0078][Example 1]
Low-fat cow milk (1) A peptide in which a calcium receptor-activating effect and a kokumi-imparting
activity were found was examined for its intensity of imparting fat-like richness to low-fat cow milk by a
guantitative sensory evaluation test. The quantitative sensory evaluation test was performed as
follows. Each of y-Glu-Cys-Gly (glutathione), y-Glu-Val-Gly, and y-Glu-Abu-Gly was mixed with
commercially-available low-fat cow milk (non-fat milk solids content: 8.6% or more, milk fat content:

1.5%) at a concentration of 0.00001 to c_:ﬂ/ 1, and the, intensity ot imparting fatrikerichnessswas
measurEd © €1t ShotidHé Roted that ]gac ' peptide was dissolved in low-fat milk,. and thegl a sample,
S

the pH afontichmas |6Wwered: W HaifusteEwith NaOR SOTREEthE DH-MIGHT bE 0.2 With réspect to the

pH of the Jawsfatmilk free pf peptide: 1y Jhesansery.scarefoirfatlike fichress anesiidstRiness was
defined as follows; control (free of peptide). 0 point; strong: Ints; LVery stiongr3 poits. Then,
the test%@b?seﬁé?ﬁ)ﬁjnﬁdtk}viﬂ‘?ﬁ—sfz.gﬁhde a%feﬁr%s gvr?r%[g{;%tﬂ/gﬁ%q\}vas widely exhibited at the )
above-mentioned:addjticr: cencentratidis: bl B 3hoWsdhe Fesiitdat 1564 CohcEftratidhs. As clear

from Taple 6, it was,confirmed thatthe peptide.aftbe psesent invention imparted fat-like richness and

smoothness to ?ow-fat cow rgllk at a lower conq_entrgﬁlog \t% nu%IHtﬁgmo%ef [gg‘ﬂ% ;Table 6 Sample

Concentrfidi(g/dl) FatiikeTRhREGS Bxampie
receptor-activating effect of L-amino acilds

The calcium receptor-activating effect of L-aminc acids
was evaluated by using the method described in Reference Exanple
6. That is, oocytes injected with CRNA of the calcium receptor
orSterilizedwaterwereprepared,andmembranepotentialwclamped
at -70 mV by the double electrode potential clamp method. To
thepotential~clampedoocytes,alanine (10mM), arginine {10 mM),
asparagine (10 mM), aspartic acid (10 mM), ‘cysteine (10 mM},
glutamine (10 mM), glutamic acid (10 nM), glycine (10 mM),
histidine (10 mM), isoleucine {10 mM;}, leucine (10 mM}, lysine
{10 mM), methicnine {10 mM), phenylalanine (10 mM), proline (10
mM), serine (10 mM), threcnine (10 mM), tryptophan (10 mM),
tyrosine (10 mM), valine (10 mM), ornithine {10 mM), taurine {10
mM), or hydroxyproline (10 mdM) was added, and Ca ion
concentration-dependent Cl response current was measured. FIG.
2 shows the results. The results demonstrated that cysteine,
nistidine, phenylalanine, tryptophan, and tyrosine each had a
definite calcium receptor-activating effect. As for the
above-mentioned amino acids, the activating'éffect was reported
iy Proc. Natl. Bcad. Sci. USA, Apr. 23, 2000, 97(9): 4814-9.
f0064] [Reference Example 9] Evaluation of calcium
receptor-activating effect cf D-cysteilne
The calcium receptor-activating effect of D-cysteine was

evaluated by using the method described in Reference Example ©.
That is, oocytes injected with cRNA of the calcium receptor or
sterilized water were prepared, and membrane potential-clamped
at -70 mV by the double electrode potential clamp method. To

the potential-clamped ococytes, D-cysteine (10 mM), L-cysteine
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;r:tc;ot)l;enﬁff/;vglll;act)i%rcl)g:lo;ngngrétsTCotntr_ol OhO - yGlu-Cys-Gly 0.01 2.5 3.0 Growth exists in the whole
. - ). 523 Taste is en anced in middle taste and aftert -Val-
0.001 4.5 4.0 Taste is enhanced in middle taste. and aftertaste,and strong raste. yElu-vakely

(10 mM), D-tryptophan (10 mM), or L-tryptophan (10 mM) was added,
and Ca ion concentration-dependent C1 response current was
measured. FIG. 3 shows the results. The results demonstrated
that D-cysteine had a definite calcium receptor-activating
effect.
[00&5] [Reference Example 10] Fvaluation of calcium
receptor-activating effect of peptides

The calcium receptor—activating effect of a peptide was
evaluated by using the method described in reference Example ©.
That is, oocytes injected with CRBNA of the calcium receptor Or
sterilized water were prepared, and membrane potential-clamped
at -70 mV by the double e}ectrode potential clamp method. To
the potentialwclamped cocytes, y-Glu-Cys-Gly (50 uM),
y—GluﬂCys(SNO)—Gly (50 pMj, y-Glu-Ala (50 uMy, v-Glu-Gly {500
pM) ,  y-Glu=Cys (50 uM), y-Glu-Met {500 uM), y-Glu-Thr (50 uM),
y-Glu-val (50 pM), y-Glu-Orm (500 uM), Asp-Gly (1 mMy, Cys-Gly
(1 mM), Cys-Met (1 mM), Gilu-Cys (50 uM), Gly-Cys (500 uM), or
Leu—ﬁsp (1 mM) was added, and Ca ion concentration-dependent Cl
response current was measured. FIG. 4 shows the results. The
results demonstrated that the above-mentioned peptide had a
definite calcium receptor—-activating effect.
[0066] [Reference Example 11] pvaluation of calcium
receptor-activating effect of peptides

The calcium receptorwactivating effects of peptides were
evaliated in the same manner as that of Reference Example 10.
EacﬂofthepeptidesshowninTable1wasaddedtopotential—clamped
oocytes at 1,000 pM, 300 pM, 100 uM, 30 uM, 10 uM, 3 uM, 1 uM,
0.3 uM, andO.l1ﬁL,andCajxﬂlconcentration—dependentClresponse
current was measured. The lowest concentration at which current
was detected was shown in Table 1 as the activity. The results
revealed that those 32 kinds of peptides each had a calcium

receptor-activating effect.
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taste is achieved. yGlu-Abu-Gly 0.001 2.3 3.0 Harmonyandgrowthexist in the whole taste.
yGlu-Abu-Gly 0.01 4.3 4.0 Harmonyandgrowth exist in the whole taste. [0080][Example 2] Low-calorie

mayonnaise (low-calorie salad creamy dressing) (1) A peptide in which a calcium
receptor-activating effect and a kokumi-imparting activity were found was examined for its intensity of
imparting fat-like richness to low-calorie mayonnaise by a quantitative sensory evaluation test. In

the same manner as that in Example 1 except that commercially-available low-calorie mayonnaise
(having a fat content reduced by 50% compared with a normal product) was used instead of low-fat
cow milk, each peptide was measured for its fat-like richness-imparting intensity. Each peptide
widely ehibéd a taste-improving activity at various concentrations. Table 7 shows the results at
typical coxicéetrations. As clear from Table 7, it was confirmed that the peptide of the present invention

impartpgfarike richness andsmoothness to the low-calorie mayohn&ise B 8 lower concentration
than gitgathione. TOUBLL EableveSample Concentration 1,000 uM

2 y-Glu-vVal-Val 1,000 uM
3 v~Glu=-vVal-Glu 1,600 pM

4 v-Glu-Val-Lys 1,000 pM
5 y-Glu-vVal-Arg 1,000 uM
LS y-Glu-Val-Asp l,OQO pM |
7 y-Glu-Val-Met ' 1,000 uM
8 y-Glu-Val-Thr 1,000 uM
9 y-Glu-y-Glu-val 1,000 uM
10 y-Glu-Val—-NH; 1,000 uM
11 | y-Glu-val-ol 1,000 uM
12 y-Glu-Ser 300 uM
13 y-Glu-Tau 300 uM
14 y-Glu-Cys (S-Me) (0O) 300 uM
15 yv-Glu-Val-His _ 160 pM
16 v-Glu-Val-0Orn 1 100 uM
17 y-Glu-Leu ; 100 uM
18 y=Glu-Ile 100 pM
18 v-Glu-t-Leu , 100 pM
20 v~Glu-Cys{S5-allyl)-Gly : 100 uM
21 y-Giu~Val-Asn 30 uM
22 v-Glu-Gly-Gly ‘ 30 uM
23 v-Glu-Val-Phe 3¢ uM
24 y-Glu-Val-Ser 30 uM
25 y~Glu-vVal-Pro 30 M
26 ' y-Glu-Ser-Gly 30 puM
27 y-Glu-Cys {5-Me) : 30 uaM
28 v-Glu-Val-Cys 10 uM
29 v-Glu-val-Gln : 10 uM
30 y-Glu-Abu-Gly : 3 uM
31 y~Glu-Cys (5-Me) -Gly o 3 pM
32 y~Glu=val-Gly 0.1 pM
[0068] [Reference Example 12] Kokumi-imparting activity of

peptide and amino acid to be used in present invention
Typlcal examples are selected from y-Glu-X-Gly (X
represents Cys {SNO), Cys(S-allyl), Gly, Cys{S-Me), Abu, or Ser},
y-Glu-Val-Y (Y represents Gly, Val, Glu, Lys, Phe, Ser, Pro, Arg,
Asp, Met, Thr, His, Orn, AsDh, Cys, or Gln), y-Glu-Ala, y-Glu-Gly,
v~Glu-Cys, y-Glu-Met, y-Glu-Thr, y-Glu-Val, y-Glu-Orn, Asp-Gly,
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(g/l_._) Fat_-like richn_ess Smoothness Evaluation Comments Control 0 O - yGlu-Cys-Gly 0.01 3.5 3.0
Fat-llk(_a rlchness_w[th sweet taste is achieved. Milky flavor is enhanced. yGiu-Val-Gly 0.0001 3.0 3.0
Taste is enhanced in middle taste and aftertaste, and lasting taste is present. yGlu-Val-Gly 0.001

CySmGly,Cys~Met,GluuCys,Gly~Cys,Leu—Asp,DwCys,y>Glu~Met(O),
yv-Glu-y-Glu-vVal, y-Glu-Val-NHz, y-Glu=-Val-ol, y-Glu-5Ser,
y-Glu-Tau, y-Glu-Cys(S-Me} (O), y-Glu-Leu, y-Glu-Ile,
y-Glu-t-Leu, and y-Glu-Cys(5-Mej, in each of which a calcium
receptor—activatingeffectwasfound,andthepresenceorébsence
of the kokumi-imparting activity was examined by a sensory
evaluation test.

0069} Thesensoryeva;uationtestwasperformedasfollows.
7o distilled water containing sodium glutamate (0.05 g/di),
inosine monophosphate (0.05 g/dl), and calcium chloride (1 mM)},
each of alliin (S-allyl-cysteine sulfoxide: control experiment
of kokumi-imparting activity), y-Glu-Cys-Gly, y=Glu-Cys,
v-Glu-Ala, and y-Glu-Val was mixed as a sample in an amount of
0.2 g/dl, and the presence or absence of the kokumi-imparting
activity was determined. It shouldbe noted that a sample, which
became acidic after the sample had been dissolved, was adjusted
with NaOH to pH 6.8 to 7.2 before use. Table 2 shows the results.
(00701

Table 2 Kokumi-imparting activity of calcium receptor activator

Calcium receptcor promcter Kokumi-imparting activity
yGlu-Cys—-Gly +

yGlu-Cys +

yGlu-Ala ' +

yGlu-vVal +

[0071] [Reference Example 13] Kokumi-imparting activity of

peptide to be used in present inventicn

A peptide in which a calcium receptor-activating effect
was found was examined for its intensity of kokumi-imparting
activity by a guantitative sensory evaluation test.

The guantitative sensory evaluation test was performed as
follows. To distilled water containing sodium glutamate (0.05
g/dl), inosine monophosphate (0.05 g/dl}, and sodium chloride
(0.5 g/dl), each of y-Glu-Cys-Gly (glutathione}, vy-Glu-Ala,
y-Glu~Met, and y-Glu-Val was mixed as a sample in an amount of

O.lg/dl,andthekokumi—impartingactivityintensitywasn@asured.
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4.8 4.5 Taste is enhanced in middle taste and aftertaste, and lasting taste is present. Strong harmony
is achieved. yGlu-Abu-Gly D.001 3.2 3.0 Fat-like richness with sweettasteispresentin
initialtasteandmiddle taste. yGlu-Abu-Gly 0.01 4.7 4.3 Fat-like richness with sweettasteispresentin
initialtasteandmiddle taste. Growthexistsin the whole taste. [0082][Example 3] Low-fat cow milk (I1)

A peptide in which a calcium receptor-activating effect and a kokumi-imparting activity were found, and
cinacalcet which is known to have a calcium receptor-activating effect were examined for their
intensities of imparting fat-like richness to low-fat cow milk by a quiantitative sensory evaluation test.

The q“%‘itgﬁ‘é%%ed‘j%}’§é!@lé@“9ﬂé%staW§§g%m‘er,m% as followss Eachof 3Gl YakGlyt ard

cinacalcet was mixed with commercially-available low-fat cow mil F‘] n-f ilk solids cantent: 8.6% or
more, nsilTaE-Goritént: 25%) gf-é%%éfé‘rﬁrat%ﬁ%f?ﬁ%ﬁbﬁﬁ\g 1'grdr, glﬁwﬁ%%gllcn?eﬁgty% 6f imparting
fat-like richnessamasmeasuredt shdtshould be hotedahatdeadtnsafipte wasisssived iR fow-fat milk,
and thep 2 sample. the R of wihich was luared.was adlisted with NaRid sodhakiberptbmight be 0.2
with res%ect to thé pp| orflﬁ"?/a low-fat milk free of & sample, .

was used as a comparative control. The test was performed with

n=3 pased on the following sensory evaluation scores: control

(0 point) and glutathione addition (3 points). Table 3 shows

the results. It shouldbe noted that the term"initial and middle

taste™” isacollective termof an initial taste and amiddle taste.

f0072]
Table 3
Sample . Kokumi intensity
) Concentrétlo Initial and Afrertaste Evaluation comments
n lg/dl) middle taste
Control - . 0 0 -
' Thickness, growth, and
yGlu-Cys~Gly 0.1 3.0 2.0 continuity are
enhanced.
The effect is weak, but
yGlu~Ala 0.1 0.5 0.2 thickness is slightly
enhanced.
: .4 Thickness and growth are
yGlu-Met 0.1 Lo ) siightly enhanced.
Thickness and growth are
1.0 enhanced mainly in
yGlu-val 0.2 3.0 e initial and middle
taste.
[0073] [Reference Example 14] Kokumi-imparting activity of

peptide to be used in present  invention

A peptide in which a calcium receptor~activating effect
wasfoundwasexaminedforitskokumi—impartingactivityintensity
py a guantitative sensory evaluation test.

The quantitative sensory evaluation test was performed as
follows. To distilled water containing sodium glutamate {6.05
g/dl), inosine monophosphate {0.05 g/dl), and sodium chloride
(0.5 g/dl), each of y-Glu-Cys-Gly (glutathione), y=-Glu-Cys,
walu—Val, and y-Glu-Val-Gly was mixed as a sample in an amount
of 0.1 g/dl, or 0.01 g/dl as reguired, and the intensity of
kokumi-imparting activity was measured. It should be noted that

asample,whichbecameacidicafterthesamplehadbeendissolved,
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The sensory score for fat-like richness and smoothness was defined as follows: control (free of
sample): 0 point; strong: 3 points; and very strong: 5 points. Then, the test was performed with n=12.
The taste-improving aOtivity was widely exhibited at the above-mentioned addition concentrations.
T_able 8 shows the results at typical concentrations. As clear from Table 8, it was confirmed that
cinacalcet imparted fat-like richness and smoothness to the low-fat cow milk with at a comparable
concentration to y-Glu-Val-Gly. [0083] Sample Concentration (g/dl) Fat-like richness Smoothness
Evaluation Comments Control - 0 0 - yGlu-Val-Gly 0.001 4.5 4.0 Taste is enhanced in middle taste and

after i ' i
ta%%@“%é?SE%Sﬁ“%f¥%3 S@ﬂ'%@“ﬁ§m§!@09917.2 pefore use. The test
was performed with n=5 based on the following sensory evaluation
scores: control (0 point) and glutathione addition (3 points).

Table 4 shows the results.

[0074]
Table 4
Sample - ot Kokumi intensity
Co“c?nﬁéi?lo Initial and Aftertaste Evaluation Comments
nolg middle taste
Contrel - G 0 -
Thickness, growth, and
vGElu-Cys-Gly 0.1 3.0 3.0 continuity are
‘ enhanced.
A slightly weaker but
comparable effect is
yGiu-Cys 0.1 2.0 2.0 exhibited compared with
v-Glu-Cys-Gly.
Thickness and growth are
. enhanced mainly in
yGlu-val .2 3.0 1.0 initial and middle
taste.
vGlu-Val-Gly 0.1 * * *
Thickness and
- continuity are mainly
yGElu-Val-Gly 0.01 3.0 3.0 omhanced. The whole
' taste is enhanced.

« Unmeasurable: kokumi-impartingactivity is toostrongtomeasure

by sensory evaluation.

[6075] [Reference Example 15] Kokumi~imparting activity of
peptide to be used in present invention

A peptide in which a caléﬁum receptor—-activating effect
wasfoundwasexaminedforitskokumi-impartingactivityintensity,
by a guantitative sensory evaluation test.
[0076] The gquantitative sensory evaluation test was
performed as follows. To distilled water containing sodium
glutamate {(0.05 g/dld, inosine monophosphate (0.05 g/dl), and
sodium chloride (0.5 g/dl), each of y=Glu-Cys-Gly (glutathione),
v—GluWAbu—Gly,andymGlu~Val—GlywasndxedasaSampleinanamouﬁt.
of 0.1 g/dl or 0.01 g/dl, and the intensity of kokumimimpartinqr
activity was measured. It should be noted that a sample, which

became acidic after the sample had been dissolved, was adjusted
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1.3 1.7 Lasting is present in aftertaste. Cinacalcet 0.001 4.0 4.2 Thickness and lasting aftertaste are
present. [0084][Example 4] Low-calorie mayonnaise (low-calorie salad creamy dressing) (ll) A
peptide in which a calcium receptor-activating effect and a kokumi-imparting activity were found, and
cinacalcet which is known to have a calcium receptor-activating effect were examined for their
intensities of imparting fat-like richness to low-calorie mayonnaise by a quantitative sensory evaluation
test. In the same manner as that in Example 2, each sample was measured for its intensity of
imparting fat-like richness. Each sample widely exhibited a taste-improving activity at various
concentrationsEable -@csl];mv%ths results at typitakeoncentratihse AsscleawfiempEable 9nit was

confirmed. th tth nacal et |m art df t-like r t
he sipac: koSN );;%8818%?%5 nf@gl qthnassia the low-calorie rpayonnaise

ata compja? e concentration to y Concentration (d/dl) Fat-like richness

{0 peint) and glutathlone addition (3 pOlntS . Table 5 shows
the results.
[0077] ’
Table 5
Sampie . Kokuml intensity
Concenié?tlo Initial and Aftertaste Evaluation Comments
n {g/dl) middle taste -
Control ~ 0 0 -
Thickness, growth, and
yGEiu~Cys-Gly 0.1 3.0 3.0 continuity are
enhanced.
Thickness and growth are
30 5 5 enhanced mainly in
vGlu=hbu-Gly 0.01 ' ' initial and middle
taste.
Thickness and
continuity are mainly
yGlu~Val-Gly 0.01 . 3.0 3.0 enhanced. The whole
taste is enhanced.
[0078] [Example 1] Low-fat cow milk (I}

A peptide in which a calcium receptor-activating effect
and a kokumi-imparting activity were found was examined for its
intensity of imparting fat-like richness to low-fat cow milk by
a quantitative sensory evaluation test.

The quantitative senscry evaluation test was performed as
follows. Each of y~Glu-Cys-Gly {glutathione), y-Glu-Val-Gly,
and y~=Glu~Abu-Gly was mixed with commerciailymavailable low-fat

~cow milk (non-fat milk solids content: 8.6% or more, milk fat
content: 1.5%) at a conéentration of 0.00001 to 1 g/dl, and the
intensity of imparting fat-like richness was measured.

It should be noted that each peptide was dissolved in low~fat
milk, and then a sample, the pH of which was lowered, was adjusted
with NaOH so that the pH might be #0.2 with respect to the pH
of the low-fat milk free of peptide. '

The sensory score for fat-like richness and smoothness was
defined as follows: control (free of peptide): O point; strong:

3points;andverystrong:5pmints. Then, the test was performed
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Smoothness Evaluation Comments Control 00 yGlu-Val-Gly 0.001 4.8 4.5 Taste is enhanced in
mldqlle tfaste and aftertaste, and lasting taste is present. Harmony is strong. Cinacalcet 0.0001 1.8 2.5
Lasting is present in aftertaste. Cinacalcet 0.001 4.3 4.8 Thickness and lasting aftertaste are present.

with n=12. The taste-improving activity was widely exhibited
a2t the above-mentioned addition concentrations. Table © shows
the results at typical concentrations. As clear from Table 6,
it was confirmed that the peptide of the present invention imparted
fat-like richness and smoothness to low-fat cow milk at a lower

concentration than glutathione.

[007%]
Table 6
Sample £ i U Fat-1i
P Concentration at Llxe Smoothness | Evaluation Comments
{g/dl) richness
Control - 0 0 -
| Growth exists in the
yGlu-Cys-Gly 9.01 2.5 3.0 whole taste.
' Taste is enhanced in
yGlu-vVal~Gly 0.0001 2.5 2.3 middle taste and
aftertaste.
Taste is enhanced in
middle taste. and
- - 1 F .
vGlu-val-Gly 6.001 feo 4.0 aftertaste, and strong
taste is achieved.
Harmony and growth exist
— —_ 7
yGlu-Abu-Gly .00 2.3 3.0 in the whole taste.
Harmony and growth exist
—Abu~0 G. 4, 4. . :
yGlu-Apu-Gly 0.01 3 f 0 in the whole taste.
[0080] [Example 2] Low-calcrie Inaydnnaise (low~calorie
salad creamy dressing) (1)

A peptide in which a calcium receptor-activating effect
and a kokumi-imparting activity were found was examined for its
intensity of imparting fat-like richness to low-calorie
mayonnaise by a guantitative sensory evaluation test.

_ In the same manner as that in Example 1 except tﬁat
commercially-available low-calorie mayonnaise {having a fat
content reduced by 50% compared with a normal product) was used
instead of low-fat cow milk, each peptide was measured for its
fat-like richness-imparting intensity.

Each peptide widely exhibited a taste-improving activity
at various concentrations. Table 7 shows the results at typical
concentrations. As clear from Table 7, it waé confirmed that
the peptide of the present invention imparted fat-like richness

and smoothness to the low-calorie mayonnaise at a lower
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[0086][Example 5] Low-fat yogurt A peptide in which a calcium receptor-activating effect and a
kokumi-imparting activity were found, and cinacalcet which is known to have a calcium
receptor-activating effect were examined for their intensities of imparting fat-like richness to low-fat
yogurt by using a quantitative sensory evaluation test. The guantitative sensory evaluation test
was performed as follows. Each of y-Glu-Val-Gly and cinacalcet was mixed with
commercially-available low-fat yogurt (non-fat milk solids content: 10.0%, milk fat content: 1.0%) at a
concentration of 0 . 00001 to 1 g/d1, and the intensity of imparting fat-like richness was measured.

It should he-poted that after gach samplewwasceissolved in low-fat yogurt, and a sample, the pH of
which was lowered, was adjusted with NaOH so that the pH might be 0.2 with respect to the pH of the
low-fat Atifk&ree of a sample. The sensory score for fat-like richness and smoothness was defined
as folloysk zentfol (free of sample): 0 point; strong: 3 points; and very strong: 5points. Then, the test

wag perfonggiwith n=1Zc.Adaste-impsevingactivityewas, exhihited inig wide Jange efthent s
abgve-mentioned addition corméhitiations. Falslert@shows the results-at typic ' S

clear frontTabte 1 0. it was confirmed-tha Cinacglcet and y C!e: \Val PI‘—a""_ta—cﬂlﬂikné'pgf_:%%q};%gm}?ﬂﬁ‘i ness

and smoothness to the low-fat yogurt at a similar concentration. [0087]),sample. Goncentratioas(g/dl)
Fat-like¢iohriass- Sioothness Evidluation!Comfnents Control®: 0 0 yGluMal-Glyvor is

enhanced.

Taste is enhanced in
middle taste and
aftertaste, and lasting
taste is present.
Taste is enhanced in
middle taste and
aftertaste, and lasting
taste is present.
Strong harmony 1is
achieved. :
Fat~1ike richness with
sweet taste ispresent in
initial taste andmiddle
taste.

Fat-like richness with
sweetr taste Lspresent in
vGlu-Abu-GLly 0,01 4.7 4.3 initial taste andniddle
taste. Growthexlstsain
the whole taste.

yGiu-val-Gly 0.6001 3.0 3.0

vGlu-Val-Gly 0.001 4.8 4.5

yGlu-Abu-Gly 0.001 3.2 3.0

rogszl - [Example 3] Low-fat cow milk {(II)

A peptide in which a calcium receptor-activating effect
and a kokumi-inmparting activity were found, and cinacalcet which
isknowﬁtohaveacalciumreceptor—activatingeffectwereexamined
for their intensities of imparting fat-like richness to low-fat
cow milk by a guantitative sensory evaluation test.

The.quantitative sensory evaluation test was performed as
follows. Each of y-Glu-vVal-Gly and cinacalcet was mixed with
commercially-available low~fat cow milk (non-fat milk solids
content: 8.6% orinore, milk fat content: 1.5%) at a concentration
of 0.00001 to 1 g/dl, and the intensity of imparting fat-like
richness was measured.

Itshouldkxanotedthateachsampiewasdissolvediniow~fat
milk,andtheneaéample,thezﬁiofwhichwaslowered,wasadjusted

with NaOH sc that the pH might be *0.2 with respect to the pH
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0.001 4.5 4.0 Taste is enhanced in middle taste and aftertaste,and strong taste is achieved. Cinacalcet
0.0001‘_1.5 2.0 Lasting is present in aftertaste. Cinacalcet 0.001 4.0 4.5 Lasting is present in aftertaste

Industrlgl Applicability [0088]The low-fat food containing the compound, preferably the amino acid or .
the peptide , having a calcium receptor-activating effect of the present invention is excellent in taste, in

particgl_ar, fat-like richness and smoothness, and hence, can be widely utilized for a dairy product, an
emulsified food, and the |

of the low-fat milk free of a sample.

The sensory score for fat-like richness and smoothness was
defined as follows: control (free of sample): 0 point; strong:
3 points; and very strong: 5 points. Then, the test was performed
with n=12. The taste-improving acdtivity was widely exhibited
at the above-menticned addition concentrations. Table 8 shows
the results at typical concentrations. As clear from Table 8,
it was confirmed that cinacalcet imparted fat-like richness and
smoothness to the low-fat cow milk with at. a comparable

concentration to y-Glu-Val-Gly.

[0083]
Table 8
Sample Concentration Fét_llke Smoothness | Evaluation Comments
{(g/dl) richness _
- Control - 0 0 -
Taste is enhanced in
) . middle taste and
yGlu-Val-Gly 0.001 4.5 4.0 aftertaste, and strong
taste is achieved.
Cinacalcet 0.0001 1.3 1.7 sastine e present in
Thic 1 ]
Cinacalcet 0.001 4.0 4.2 Thickness anc lasting
aftertaste are present.
roocg4! [Example 4] Low-calorie ma onnaise (low-calcrie
P Y
salad creamy dressing) (II)

A peptide in which a calcium receptor—activating effect
and a kokumi-imparting activity were found, and cinacalcet which
isknowntohaveacalciumreceptor—activatingeffectwereexamined
for their intensities of imparting Tfat-like: richness to
low—caloriemayonnaisebyiiquantitativesensoryevaluationtest.

Trn the same manner as that in Example 2, esach sample was
measured for its intensity of imparting fat-like richness.

Fach sample widely exhibited a taste-improving activity
a2t various concentrations. Table 9 shows the results at typical
concentrations. As clear from Table 9, 1t was confirmed that
the cinacalcet imparted fat-like richness and smcothness to the
low-calorie mayonnaise at & comparable concentration to

vy-Glu-Val-Gly.
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like. The compound having a calcium receptor-activating effect may also be utilized as a taste
improving agent which is added to a low-fat food for imparting fat-like richness to a taste of the low-fat
food. What is claimed is: 1. A low-fat food comprising: a compound which is able to activate a calcium
receptor, wherein the concentration of said compound in said food is 1 ppb to 99.9% by weight, and
wherein the compound is selected from the group consisting of y-Glu-X-Gly, and y-Glu-Val-Y, wherein
X is selected from the group consisting of Gly, Abu, t-Leu, Cle, Aib, Pen, and Ser, and Y is selected
from the group consisting of Gly, Val, Glu, Lys, Phe, Ser, Pro, Arg, Asp, Met, Thr, His, On, Asn, Cys,
GlyA, ngl@ and Gin. 2. A low-fat food comprising: a compound which is able to activate a calcium

receptor, wherein the concentration of said compound in said food is 1 ppb to 99.9% by Welght
Where”’-TPﬁ‘ C% pound -S SPIP(‘TPd from the nrmm r"r\nC|c+|nn ofas f"l \ /o

The

StHy—OT-y v} vai \le &t Iu y= \Jlu I-\UU Uly. 3

iorsof sHid comdotnd #t said $668 58 “F0 ppy to

food &estting to claifil iem@iﬁ the
h\/ \Alﬂlﬂlﬂ tha f
7/ % I'C “"! LllC IU}JU =

im I, whereirn the concentration of said

T ppmto 1% by wéight in the[food. 5. The foog aecbrdirg ta efdim 2,

rein the concentration of said compound in said fodd is 10 ppb to| T%'b§ Wé@rﬁ iffthe food.

foed accordirig to claim 20 wHerein the contehtratian of said comF {ﬁﬁcf‘h galqg%%a%s 1pprm
by weight in the food.

6.
(0]

—

7. The low-fat food according to claim 1, whegein.the Logmgagmgd IS selacted .

btable- oilcmd fat, an

areup-consistng

1-the-greup-eonsisting-of-adairy product;a food o prising animalnil-anddat,sa feed<camprising
!d an énilASiied food. 40 ¥ ow-Fat Fobd Abstragt:ex & fow-fat food comprising

repf

aming acid qr apeptlﬁe haying an effect of ctivating a calciym rec EPtor'Sict a %‘f Gliﬁi(l
eseits 41 aMino aci

rese

Qr an amino aci dpri\/'mi\m) 1-Glu-\al-Y¥ /v ﬁrf.i‘éﬁft,éﬁ%x@

(X

Fepresentsan allllllu acid-or an

amino acid derivative), y-Glu-Ala, y-Glu-Gly, y-Glu-Cys, y-Glu-Met, y Glu-Thr, y-Glu-Val, y-Glu-Orn,

Asp-Gly
y-Glu-V

éf%ﬁ ly, Cys- I\@Etx&l%gé(s Sly-Gys.LeptAspidGys.y-Glu-Met(0),y-Glu-y-Glu-Val,

Glu-Val-ol, y-Glu-Sef, y-Glu-Tau, y-Glu-Cys Q), y-G |
y-Glu-t-Leu, yG%P(ung@(élﬁgx)%)ylétcuwﬁgzég;te?olf&ﬁa&lfﬁgui‘u3’ ELEQeRlut oy Gl

and a kokumi-imparting activity were found, and cinacalcet which
isknownto have acalciumreceptor-activatingeffectwere examined
for thelr intensities of imparting fat-like richness to low~-fat
yogurt by using a quantitative sensory evaluation test.

The guantitative sensory evaluation test was performed as
follows. Bach of y-Glu-Val-Gly and cinacalcet was mixed with
commercially-available low-fat yogurt (non-fat milk solids
content: 10.0%, milk fat content: 1.0%) at a concentration of
0.00001tolg/dl, andthe intensity of imparting fat-like richness
was measured.

I+ should be noted that after each sample was dissolved
in 1ow—fét yogurt, and a sample, the pH of which was lowered,
was adjuéted with NaOH so that the pH might be 0.2 with respect
to the pH of the low-fat milk free of a sample.

The sensory score for fat—-like richness and smoothness was
defined as follows: control (free of sample}: O point; strong:
3 points; and very strong: 5 points. Thern, the test was performed
with n=12. A taste-improving activity was exhibited in a wide
range of the above-mentioned addition concentrations. Table 10
shows the results at typical concentrations. As clear fromTable
10, it was confirmed that cinacalcet and y-Glu-Val~Gly each

imparted fat-like richness and smoothness to the low-fat yogurt
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SEQUENCE LISTING <110> Ajinomoto Co.. Inc. <120> Low-fat food <130> 0904-08047 <150>
JP2007-123769 <151> 2007-05-08 <160> 2 <170> Patentln version 3.1 <210> 1 <211> 49 <212>
DNA <213> Atrtificial <220> <223> hCASR_N primer <400> 1 actaatacga ctcactatag ggaccatggc
attttatagc tgctgctgg49 <210> 2 <211> 29 <212> DNA <213> Atrtificial <220> <223> hCASR_C primer

=2t a similar cecncentration.

[0087]
Table 10
Sample Conciiiﬁitlon Eii;i;:z smoothness | Evaluation Comments
Control - ) Q 0 -
Taste is enhanced in
middle taste and
vElu-vVal-Gly 0.001 4.5 4.0 aftertaste, and strong
taste 1s achieved.
Cinacalcet 0.0001 1.5 2.0 Lasting is present in
: : ) aftertaste.
Cinacalcet 0.001 4.0 4.5 Lasting is present in
: aftertaste.
Industrial Applicabillity
[0088] The low-fat food containing the compound, preferably

theaminoacidorthepeptide,havingacalciumxeceptor—activating
effect of the present invention is excellent in taste, in
particular, fat-like richness and,smoothnéss, and herce, can be
widely utilized for a dairy product, an emulsified food, and the
like. The compound having a calcium receptor-activating effect
may also be utilized as a taste improving agent which is added
+0 a low-fat food for imparting fat-like richness to a taste of

the lcow-fat food.
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<400> 2 ttatgaattc actacgtttt ctgtaacag29

-What is claimed is:
1. A low-fat food comprising:

a compound which is able to activate a calcium receptor, wherein the concentration of
said compound in said food is 1 ppb to 99.9% by weight, and wherein the compound 1s
selected from the group consisting of y-Glu-X-Gly, and v-Glu-Val-Y, wherein X is
selected from the group consisting of Gly, Abu, t-Leu, Cle, Aib, Pen, and Ser, and Y is
selected from the group consisting of Gly, Val, Glu, Lys, Phe, Ser, Pro, Arg, Asp, Met,
Thr, His, Orn, Asn, Cys, GlyA, LacA, and Gin.

2. A low-fat food comprising:

a compound which is able to activate a calcium receptor, wherein the concentration of
said compound in said food is 1 ppb to 99.9% by weight, wherein the compound is
selected from the group consisting of y-Glu-Val-Gly and y-Glu-Abu-Gly.

3. The food according to claim 1, wherein the concentration of said compound in said
food is 10 ppb to 10% by weight in the food.

4. The food according to claim 1, wherein the concentration of said compound in said
food is 1 ppm to 1% by weight in the food.

5. The food according to claim 2, wherein the concentration of said compound m said
food is 10 ppb to 10% by weight in the food.

6. The food according to claim 2, wherein the concentration of said compound m said
food 1s 1 ppm to 1% by weight in the food.

7. The low-fat food according to claim 1, wherein the low-fat food is selected from the

group consisting of a dairy product, a food comprising animal oil and fat, a food
comprising vegetable oil and fat, and an emulsified food.
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