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THROUGH
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.

w MSGoaxp IMP BraisxiNg as Foavor
ExHaxcers. Sinee ancient times both sea
tangle, Lawanaria sp.. and dried bonito have

Akira Kuninaka,
Masajiro Kibi,

and Kin'ichiro Sakaguchi . .
been generally used for seasoning Japanese

meals, becanse they can be well preserved for a long time and their extracts
have characteristic flavors.

Tkeda (1908, 1909) reported that the main flavor component of sea tangle
extract was MSG (the abbreviations used hercin are explained in a note follow-
ing the article). It was possible to start industrial production of MSG as a
chemical seasoning almost simultaneously because it had been known that 1.
glutamate was present in protein hydrolysate. At present, MSG is produced
not only by protein hydrolysis but also by direct fermentation or chemical
svinthesis, and it is used as an excellent flavor enhancer not only i Japan but
also in all the world.

On the other hand, Kodama (1913) reported that the principal flavor com-
ponent of dried bonito was the histidine salt of [MP. However, 1MP has not
been produced as a chemical seas ning on a large seale until quite recently,
because both the biochemical bac i and the flavor property of IMP are
more complicated than those of MS®G.

For example, there are two types of glutamate—r- and p-isomers—whereas
there are three types of IMP: 27~ 3% and 5-isomers. 1-Glutamate ix a natural
component of protein, but p-glutamate is not. Flavoring action is recognized
only in L-glutamate, and not in p-glutamate. The relationship between isomerisin

naa
t

v TR
i

g action of IMP had never been veported, nor had experinments heen

Havort

made that would allow one to define the interaction between IMP and histidine.
Furthernore, the biochemistry of nucleic acid is a more modern field than that
of protein or carbohydrate, so the biochemical position of IMP was elarified
much later than that of r-glutamic acid.

Discovery of Flavor of 5-IMP and 5-GMP, and their Production from RNA.
I 1951, the aunthors started to study both the enzymic degradation of
nucleic acid by microorganisms and the taste of the degradation products.
Several Aspergillus enzymes involved in the RN.A degradation were found,
and the conditions for their activities were clarvified |Kuninaka (1954, 1955,
1956, 1957, 1959)]. Using the enzyme system of Aspergillus oryzae, 3-1MP
could be obtained from RN.A. Tlowever. the 3-IMP obtained had little or no
flavor. The mixture of 2= and 3-1MP derived from alkaline hydrolysis of RN.A
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FLAVOR NUCLEOTIDES contipncd

yas also found not to he flavorous.
On the other hand, 5-1MP free from
ne, which
musele of rabbit or
fimed to have a specific Havor, espe-
dally together with MSG. Thus, it
was demonstrated that, among three
somers of  TMTP. HIMP was
flavorous.

The authors thereiore undertook to
prepare S-TMP from RNAL Reeently,

wax  prepared  irom

honite, was con-

only

to split A"-phosphodiester Hukages in
RN, o eleotides,
ifowever, it is very diffieuit to obtain
lavee amounts of these enzyvmes free
e activity., Thus,
chemical or enzymie production ol 5
nucleotides from RN was very diffi-
cult, and mdustrial pro-
duction thereot was guite hinpossible.

Kunimaka e/ al. (1937a.)
strated that 5-phosphodiesterases,

g rise to

ot phosphomonoeste

ceonomical

demon-

tember 10th, 1960, and on June 1sf,
1961, The specifieations of the Japa-
nese Official Standardizations are sum-
warized in Tables T and 2. Note that
SIMPNa: usually  contains 7.5
molecules of erystallization water,
Y-GMP-Na: does uot contain
tallization water. Used in the experi-
wents reported here were standardized
S-IMP-Nae and 5-GMP- Na..

Crys-

it has become evident that the RN
isa polynucleotide in which individual
meleoside residues are joined, one to
e other, by phosphodiester Hinkages
between the 8- and Y-positions. When
RYA is degraded, cleavage must he
ensidered to ocenr at either the 3%
phosphndiwtm- hinkawes

PeO:01)—0-

(Le—0O
or the -phosphodiester linkages

PO —0—

X (G0

of RN A-dey
F-phosphodiester
giving rise to nucleoside
cie  phosphates or - 3-nueleotides.
Ikali splits the same linka
to  nucleoside-273-evelic

linkages

ex, glving
phos-
hates, which are further eleaved to
m 2- and 3-nucleotides.

Only so-called nnspecttic phospho-
festerases of snake venom and in-

tinal mucosa had heen demonstrated

Fig. 1.

MSG

Mg, 3.

[5G\ P- N

[5-GMP-N
I M

MSG coneeut

The following

Differenee

correspoidling to
sodinm eliloride solution by means of paired comparison fests,
coneentrutions of 5-GMP-Nu.
s eoneentrations of 5-TMP- Na.

thiow: .20 (C
Sodium ehloride

]:

relationship was suggested o exist

[5-TMP-Nu.] -

. . (

fog | 5-GMP-Nu.] = log -
1

AN [5GAPEN

Theretore, Havor activity of 7
Nie in the synergistic aetion with MSG,

which split 3-phosphodiester Tinkages
i RN, giving rise to S-nueleotides,
were formed by
Pevicillinm

several mierooraanisins

such as citrivam.  Using
the microbial 3-phosphodiesterase,
which  can be  obtained  in laree
apounts, Y-AMPL S-GMP, 5-0CMDP.
and A-UMDP could be produced first
imdustreially frone yeast RNAD 3-1MP
could be easily ohtained by deaininat-
e 5-AMP. (1935}
also demonstrated similar enzyimes -
dependently in
nisms sueh as Ntreptowgers,
' MP o hax

Onmra of  al.

several  mieroorgn-

hieed

hoon
wicrobiologically and used as a0 new
seasoning. IFurthermiore,  establisli-
ment of this RNA degradation process
also led to recognition ol the flavor
ot H-GMP, one of the RNN degra-
dation products, for the first time.
H-GMP was found to have stronger
flavor than 3-IMP (Sakaguely o ol
19555 Kuninaka, 1960).

Japanese  Food  Additive  Petitions
for  5%-IMP-Nu,  and  5-GMP-Nu,
were respectively approved on Sep-

General constitationat Formda for the flavor

(ay

) —log(hy = log ;

log

() = (357 ~ 4685 (b)

[5IMP- N

(L) or 007 (@)
tion: 1,207

concentr

0.00103
040
= [51MPN:
~GMP N

|

= log (657 to $.68

were determined in the

hetween

is 3.8 touwes as much

Relations between Flavor and
Chemical Structure of RNA
Derivatives

The tastes of various RN deriva-
tives were summarized by Kuninaka
(19604 ax tollows: Purine and pyrimi-
dine nucleosides,  and  poly-
nueleotides had  little  vecognizable
taste. On the other hand, mononueleo-
tides had good taste, The taste of 5'-
nucleotides was mueh  stronger than
that of 2= or Especi-
ally. G-hydroxypurine  ribonucleoside
S-monophosphates (5-GMP, 5-1MP,
W SSNMPY had very agreeable good
tastes (5-GMP > 52 JMP > NMDP).
I'urthermore, the  equimolar  mixture
ol inorganie  phosphate and
(or guanosine) or the equimolar mix-
ture of ribose S-phosphate and hypo-
xanthine (or guanine) had no tlavor.
Thus. both ribosidic and  phosphate
ester likages were considered 1o he

hases,

F-nueleotides,

nosine

exsential for flavoring action.
these findings, the c¢hemieal
structure necessary for the flavoring

action may be stimmarized ax follow

From

nueleotides,

of Havor unit of nueleotide-NSG-composition and that of MSG,
Gor: P FLvor unit of composition of each amount of 5 GMP - Now and 100 g of
| Flavor uuit of 100 g of MSG|
(I [ Flavor unit of composition of caeh amount of 3-IMEP-Niy and 100 g of
MRGT — [ Flaver unit of 100 g of MSG]
FoFPhvor unit was defined s flavor strength of 1 ogoof MSGL

The following relationship is suggested to exist between Gor and (b

Comparison of Havor aetivity of 5-GMP- N and that of 5% IMPNue in
their syvnergistie aetion with MSG,

ASG

[ 5-GN P Nas | ol

+ log | 5-1M P Na

as that of 51N
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FLAVOR NUCLEOTIDES coutinued

Table 1. Japanese official stundardiza-
tion,

Disodium 5 -inoxinate

1) The base moiety is to he a purine
nucleus containing a hydroxy group
in the G-position.  (An amino group
i the G-position reduces the flavoring
action. The influence ot the kind of
the group in the position 2 on the
taste is not so much. The tastes of
pyrinidine  nucleotides  are inferior
to those of purine nuecleotide

2) The 3-position ol the  ribose

and amino acids such as glyeine, g
tawic acid, eystein, arginine, tyrosy
and histidine. Thus, the human g
mosquito palates ave similar to ey
other in the selectivity of 5 -nucly
tides. However, there ave differen
between  their  detailed  specificiti
the human palate is an _lspergily

ribosidase type, whereax the wosqud
palate s an lzofobacter  ribosidy

Max. UL absorption
fin 0L01LN 110
Ribose (aveinal
reaction positive
Organic phosphate positive
Paper chromatography? UV, absorbing
ane spot

Nodium
Solution (0.5 g— 10 ml)

positive
colorless, little or
no turbidity

pHCE =20l TLbR5
Ammonium negative

Arsenic Max. 2 ppm
Heavy metal Max. 20 ppm
Amino acid negativ

Foss on drying # Max. 26,57

' ¢ wod b

A mixture of saturated ammonium <ulfate,
tert-butanol,  and  0.025 ammonia  solution
160501y ix employed ax the solvent.

Table 20 Jupanese otficial standardiza
tion.

Disodium 3

guanylate

Colorless ar white evystals ar powder that has
4 specitic

aste

Nitrogen (dried)« 16

Phosphorus (dried)s 7

Max, ULV absorption
(in 001N HED

Specific UV absorption
Cin 001N 10T

Ribose (oreinol

2TO-2RO mp

¥ ) s g
Organie phoxphate Poxitive
Paper chromatography" UV absorbing

ane spot
Rodium positive
Solution (0.1 g= 10 ml) colovless and

almost clenr

Pl (1 g—=20 ml) TH-RD
Ammonium negative
Arsenis Max. &
Heavy metal Ma

Amino acid
Loxson d

negative
ving Mux. 8

S 12000 for 4 hr.

b A mixtare of saturated ammonium sulfate,
fert-butanol, and 0.0258  ammonia  xolution
(1602340 s employed as the solvent.
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, — b thart E— moiety s to bhe esterified with phos- fype.
taste. phoric acid. e taste of G-hydroxypurine rj
| Nitrogen (dried)s 140- 14675 nueleoside A-mone
| Phosphorus (dried)s T Rz
| .

The general constitutional  fornda
for the fHavor nueleotidex wmay  he
shown in Fig. 1. I brief, hoth the
6-hydroxypurine moiety and ribose-
S-phosphate nwoiety  are essential  to
flavoring action of RNA derivatives,”

[t is very interesting that the condi-
tions necessary for the structure of
nueleotides that are substrates ot x-
pergillns vibosidase " ave the same as
those for the flavor nueleotides.

It may be suggested that there is a

doae .
a0 @

hetween the spea
relation of a flavor nucleotide to the
human gustatory bud and that of a
substrate for the enzyme. Theretore,
it seems possible to seleet unknown
flavor substances by means of enzyme
action.

By the way, mosquitoes were demon-
strated by Hosoi (1961) to he spe-
ciffeally  fond of  5-AMP or its
derivatives hut not fond of the other
nueleotides, nucleosides, bases, ribose,

* Lately 5-deoxy inosinate and 5 -deoxy
guanylate were also reported to huve
flavorous taste  (Nakao e al, 1960),
FPurthermore, 2~ awd 3-hydroxy groups
seem not to he essentinl for the flavoring
action (Honjo of al., 19635,

" According to the previiling theory,
the phosphorie acid group in the nueleo
tides has to be removed hefore the ribo
sidie linkage can be resolved hy enzynies,
Kuninaka (1956, 1957, 1959) furnished
the first evidence for the conclusion that
hydrolytic enzyme  (ribosidase) for the
cleavage of the bhond between ribose-5
pliosplhiate and hypoxanthine or guanine
does exist in Aspergillus oryzae, This
enzyime ol xS ly the ribosidie
linkages of 6-hydroxypurine ribonueleo
sides (inosine and guanosine) or their
"phosplates. 5-AMP, 5.CMP, 5-UMP,
adenosine, eytidine, uridine, and varvious
3 or 2 mononucleotides are not eleaved
by the enzyme. No evidence has heen
found for the requirement of ATP or
inorganic ortho or pyrophosphute. Hur-
witz cf al. (1937) also independently
demonstrated  the engymie cleavage of
ribosidie Hnkage in 5-AMP, nsing Azolo-
hacter vineland Both dspergillus and
Azotobacter ribostdases are nonphospho-
volytic hydrolases, and act on 5-nucleo-
tides but do not set on 2 or 3
However, these enzymes are distinguish-
able from cach other in regard to detailed
substrate specifieity and relation te ATP.
While 5-AMP-ribosidase of dzotobacter
requires  ATP,  dAdspergillus  ribosidase
doex not,

=

S-GMP, and 5-X
softer than that ot MSG, while
aftertaste of the former was g
more  remarkable  than  that of
latter. 5-GMP hasx the strongest t
m these three -nueleotides, and
NMP  hax the weakest  taste,
threshhold level  for  recognition
these S-nucleotides wax suggested
he about 0019 Toi et al. (19
and Wagner ef al, (1962)  later
speetively reported that the threshy
tevel for reeognition ol Y-1MEN
was 0,025 and 0.029, . Fujita o
(1961)  veported  that the  thresh
levels for recognition of 3-TMPY
and  5-GMP-Na:  were
0.012¢; and 0.0035¢; .

respectiv

Synergistic Action between
MSG and 5-Nucleotidss

There are many kinds of
tion in taste among various conpy
For g
ample, an additive effect is recogni
when two or more different acids

ents ol foods or heverages

two o more  different sugars g
mixed; a contrastive effect ix recog
nized when a xmall amount of g
is added to sugar; and a harmoni
tion effect was recognized when M
was added to saccharin (Maeda ot o
1956) or =alt.

The Y-nucleotides  were
to have a same Kind ot taste, and
additive property was recognized b
tween the taste of Y-GMP and ty
ol 3-IMP. Suceinate and basie an
acids, such as histidine, lysine,

arginine, were not recoguized to
hanee signiticantly the avorous ty
of -GMIP or -TIMP. On the g
trary, MSG was recognized to enhag
remarkably the Havorous taste of
GMP or 5-IMP, and vice versa,

For example, addition of 5-TMP
V-GMP to MSG remarkably stre
ened the taste of MSG, as follg
MSG and 5-IMP - Na. or 5-GMP-
were mixed in varions r
mixture was dissolved in 1.2
chloride solution at various econg
trations. The tastes of the resul
solutions were compared with the tg
of 1.2¢7 sodiunm ehloride solution g




FLAVOR NUCLEOTIDES contimed

larown to eontain A-TMP - The IMP

TahTe 50

Ratio of
compotieits
in

comyposition

nucleos
*erences

o BTN N |
ARG (5GP Nae) |

tide-composition and MSG

Conparison ot yHGmeieo

in Havor.

Concentration

sition solution
whose favor
strength corves
pondx to that of
0.3 MSG solution

ficities 4 i 1o
rergillus: 1t
10s8(uito: L:]‘ :
sosidase, 301

Vo1

0,040

(RO
(001695 )
(00240
(004714 )
(055753

in fish musele was also contirmed to
he -isomer, which might be derived

APD
AT

ATP— 5-AMP— adenosine-»> adenine

v
5 INP— inosine —> hypoxan-
thine

Several methods have heen developed
in Japan to get 5-IMP from marine-
animal musele ceonomically.

Neparation  of  S-AMP [rom fixh

lLach  solution

chloride

hile the:
s much
of the
est taste’
and 5-

ining 0.3% MSU by paived com pari-
n tests, respectively. Then the con-
atration ol each solution,
at had a taste strength correspond-

mixture

‘e. The? g to that of 1.2¢, sodiwm ehloride
ition of° lution containing 03¢, MRG, was
ested to etermined as shown in Table 3. The
(1960) qilts show that a =mall amount ol
later re- IMP or 7-GMP can synergistically
shreshold erease the sriength of the taste of
[MP-N; SG.

ita et al.” E As shown in Fig. 2, the synergistic
threshold ction between MSG and 5-GMP was
IMP - Na.; sbout four times as much as that
pectively petween MSG and H-IMP. Another
: erperiment  also indicated  that 5%
GMP-Na. was as effective as about
3§ times as  much 5-IMP - Na:
when dissolved in 0.29 or 0.07¢. ol

" interac- NSG solution (Fig. 3).
compon- A]th(\}lgh t‘h«n- wax a small hm'—l
For ex- monization effect hetween the t;‘x.\h‘- n‘1
ecognized §.GMP or &-IMD and that «lul .hl,\‘lk
acids or | dine or succinate, the >y1u*r;‘1>‘tw_;1v-
gars  are ton between MG and A-nuelentides
is reeog- was muf‘h l'mm- |'<.-)m:11 (:nhlwv than =uch
t of salt hamlommh‘(m. effect. Furthermore,

this synerg action was recognized
both in the presence and in the absence
of the other components. Such re-
markable synergistic action as men-
tioned above had been never coneeived,
at least in the field of taste chemistry.

By the way. the threshold level tor
recognition  of 5 IMP-Na: or O
GMP-Na: in 0.1% MSG solution was
repm‘tvd to he 1120 or 1,117 that in
water (Fujita et al. 1961). Tudepend-

armoniza-
hen MSG
eda et al.,

considered
te, and an -
gnized be-
1d that

ysine, and

ed to en- . .
nous taste antly, the threshold levels Tor recogni-
) the eon- tion of H-IMP«Nux in .14 sodium

aspartate solution, MSG =olution, so-
i B-hydroxyglutamate solution, so-
g a-amino-adipinate solution, and

to enhance
aste of 5
versa.

5-TMP or
y strength-
i follows:
“GMP - Na:
tios.  ach
2¢; sodium
ms eoncen-
le resulting
th the taste
slution eon-

sodium  homoeysteinate solution  were
also 1’<-pm't<-d to he 110, about 17100,
17250, 1,10, 100 of that in
yater, respectively, and the threshold
!

and 1

! for recognition of sodium aspar-
tate, MSG, sodimmn  B-oxygintamate
and  sodium a-aminoadipinate  in
001 -IMP-Na: solution were con-
fomed to he U 16, 1715, 1715, and

contained 1.

«of  sodinm

1100 of those in water, vespeetively,
too (Tol et al., 1H60)Y.

The speeific synergistic action indi-
cated above is to be the basis lor
application ol 5-IMP. 5-GMP. or
their mixtures as new chemical season-
and  hev-
ernges contain a rather large amount
of MSG in themselves
nucleotides are rather unstable inter-

2]

ings, bheeause many  foods

whereas 5’

Vel
meaates i sRUC BG U
distribution of
clally &-GMP, in Foods and beverag

t
mueleotides,  espe-

is much more limited than the dis-
tribution of M8G. Therefore, addi-

tion of A -IMP, 5-GMP, or mixtares
ot the to those
remarkably strengthens and improves
the taste of those foods or heverages
according to the synergistic aetion be-
tween A-nueleotides added and MSG
present there originally. Furthermore,
the MSGoand
tide(s) 1s a offective
seasoning for all kinds of” dishes.

A composition of  MSG o with -
[MP-Nae was first sold in Japan as
a new chemieal seasoning in 1960, A\t
present  A-IMP-Nas,  5-GMP-Nae
and mixtures of them are used maindy

foods or heverages

mixture of’ A -nucleo-

very chenrieal

in food processing, whereas composi-
tions of  MSG  with H-nucleotide(s)
are mainly used in home life. The
following ratios are generally heing
used s MSG:-IMP-Na. = 88:12,
92:8, or 96:4. MSG:A-IMP - Naz:H'
GMP-Na. = 95:2.5:2.0,

At any rate, it is interesting
the viewpoint of  biochemistry  that
there ix a synergistic action in taste
hetween MSG o derived protein
and -nueleotides derived from nueleie
acid, hecause the interaction between
protein and nueleic acid ix well known
the most important
reactions.

trom

trom

as one of hio-

chentieal

Production of 5’-Nucleotides

There are several methods Yor pro-
duction ol H-nucleotides.

Extraction from animal tissues.
Mammalian heen  well

muscele  has

muscle. Necording to the author ex-
periments, fresh musele of marinefish,
el as mackerel-pike and  sardine,
contained a large amount of &-IMP
and a very small amount of 5-AMP.
Probably  the  reactions  formi
IMP trom ATP are earrvied out in a
fishing-hoat on the way to port. Dur-
the time musele was stored at

temperature, V-1MP - was ob-
<erved to be degraded enzymically to
inosine or hypoxanthine.  To
fish musele effective
stopping the enzymic degradation of’
. IMP. Thus the intact waste juice
or stick  water  liberated  from  fish
musele by steaming, the lirst general

ing

TOON

stean

WS an way of

process of canning, was wood source.
The juice was equal to about 209 by
weight of the intact fish and contained
about .19 of 5-1MP.

The impurities that obstruet erys-
tallization of the nucleotide could bhe
renoved from the waste juice hy three
steps (Nuninaka of al.. 1957h, 1960) :
1} depolymerization ol protein by
protease; 2)
cationic impurities by treatment with

hacterial exclusion  of

eation  exchange vesin: and 3) pre-
cipitation of" inorganic phosphate by
addition ol barinm or caleiun ion.
After these treatments, 5-IMP was

direetly ervstallized as barium or cal-
ciwm salt. To separate IMP from fish

musele  extracts, clectrolytic  dialysis
also  effective (Yoshida of ol
Deamination of V- UMD of enttle-

mnscle.  Saito (1960)  reported

fish
that cuttlefish musele lacked adenyl-

deaminase and that 3-AMP derived
from ATP was accumulated in the
musele offectively without further deg-

radation.  Thus,  H-IMP wax pro-
dueed by deaminating  the 5-AMDP

aceunmulated.

The method of  preparing 5-1MP
from narine not entirely
satisfactory, beeause the raw material
is not stable from either an economi-
cal or hiochemical viewpoint. Further-
wore, the nucleotide that can be sepa-

antmals is

rated  from n is only
F-IMP, or 7-AMP, and it ix impossi-

ble to separate H-GMP economieally,

though a very small amount of the
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FLAVOR NUCLEOTIDES continucd

Frtter—was—stho-ohservedto-hepresent by e anxotvoph of Bucillus subtilis REFPERENCES
in usual fish muscle. (Aoki i ol 19590 Uehida et ol
Degradation of RNA by 5-phos- 1961 Nava of al.. 19635 Noki
phodiesterase. Using the microbial et el 1063y and Jto S g Loor tho-
four  3-nucleo- sine was also aceamulated by a

-phosphodiesterase.
tides—3-AMP. 7-GMP, 5-CMP. and
F-UMP—can  he  produced  simul-
taneously  from RNA (Kuninaka et
al., 195Ta.e, 1959, 1961 Owmura of al.,
1958, Ogata el ol 1963). H-1MP
can be produced enzymically or chem-
eally from 5-AMDP. Tt is not neees-

gnanine-requiring auxotroph of fero-
hacter (Nakayama ot al.,
1963).

In these cases, the nueleosides might
be synthesized de woro. On the other

Herogenes

hand, adenosine was observed to be

produced by a nonexacting purine-

sary to purify RN or e a-plioss
phodiesterase before the enzyme ve-
action.

RNA ean be separated
animal or plant tissues. Itoix
venient, however, to utilize micro-
oreanisms containing a luge amount
At present, yeast ix

Frone any
con-

of nueleie acid.
the hest source oft RNA in Japan. It
i expeeted that RNAL protein, and
vitminin will he separated rom yeast
and utilized effectively in vespeetive
fields, Sinee yeast ix vieh in protein
aud vitawin as well as nueleie acid,

=i

he rveonvded &

vita-

nueleie acid
by-produet ol veast protein or
wmin. In faet, removal of nueleie acid
is considered to enhance the value off
the venst as a protein fodder. The
A-phosphodiesterase i= formed during
culture of the sereened microorganisn.
The cultured lguid or the cell extract,
ax is, can he emploved as the enzyine
=olution.

The pharmaceutical value of each of
5nueleotides produced Trom RN s
heing disclosed. (Now that -nueleo-
tides can be supplied economically in
large amounts for their biological tests,
their pharmacentical uses are expeeted
vapidly.  For example,

to develop

Hirata et al. (1962) disclozed the role

of A-nneleotides as Bifidus Tactor, and
Kato of «l. (1962, 1963) recognized
the remarkable effects of H-1MP on
vecovery Trom the insulin-shoek coma.)

It appears that valuable produets for
food and or pharmaceutical uses ean
he obtained simultancously  from the
with  this

ceononical  raw naterials

simple procedure. This ix the veason
why thix RN\ process has heen re-
earded ax the moxst effective for pro-

dueing 3 -nucleotides,

expected to be turther developed as
wses of - S-nucleotides

pharmacentical
are developed.

Direct fermentation (biosynthesis).

The direet  fermentation

now  heing  studied  most aetively

Japan.
Several

nueleosides  have

served to be accumulated inon
farge amount=. For example. 155 ¢ L
more than 5 o bo 2.7 o Lo or more

Thix process is

process s

m

heen oh-
ather

than 7 ¢ Lol inosine was acenmulated
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TeqUITING  anXOtroph ot Baciitas =t
tilix during it growth in a medium
adenine  (Hava et aly,
19624, and inosine was also observed
to he produced from hyposanthine by
an adenine-requiring  auxotroph of
Bacillns (Kuninaka  ef al.,
1963).

\x for the nucleotide, 850
ol Y-AMP was accumulated by a
wild strain (Fuvuya et ol 1963). Tt
seems  more  difficult to acemmulate
la amounts ot H-nucleotides using
microorganism than to acewmulate the

containing

subitilis

g, L

sane awounts of nueleosides,
Chemical synthesis. In
Japanese laboratories
thesis is heing studied to produce -
nneleotides economically. For example,
veported  to have  heen
economically  phosphorylated  to 5'-
IMP (Kato ef al., 1963).
Combination. various
possibilitiex to combine the above four
processes. The following two methods
are actually going to be developed in
Japan.
Method
Matonouiteil 1

Tlhiouren
- adenine = adenosine — 5 AMDP

several
chemieal  syn-

nosine  was

There are

U (Havw er al 1962h)

chemically  hy baeterin }r,\‘_\'lr‘ux\

— 51N
chemieally or enzyically

Method B (Akoki et al.,
et al. 1963).

1963 Kato

Carbon souree
Nitrogen source — jnosine— 51N
Phosphute ] !

by ehemically
hacteria

Conclusions

their
oW

Nucleotides  and
with MSG are
Japanese lood practices. s the proce-

composi-
tions reforming
essex For their production continue to
they
attain world-wide recognition as new,
exeellent
appears that improved

he improved. are expected  to

enhaneers. It also

ilability of

Havor

these  compounds  will stimulate  the
development of many other uses of
interest to food technologists, nutri-

tionists. and  pliysiologists,
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