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TABLE |V Amount of sugar Total sugar L-glutamc

Yi el d based Cul-turing to initial suppl i ed

pr oduced on total sugar duration sugar

(g/dl) (% (hours) 1/ 4

20. 8. 40 41.5 36

26. 28 6.78 25.8 50 1/5
intwice 24, 700§ATENT ?ECIFICATIG%G 53

Fr Sabl MO PRAYINGS t hat the the medium %aﬁween

ad 5 Datk et ApplcaaPnA i ComplaaspedintRhi Bk 6f @sdhe cul ture

a v 8 %%\AW? cul tured at medi um shoul d preferably
be e shakin Ng under aerobic con- 5 and | ess.
| f fA@ﬂij’a?" ragdeyipVaper(No 053 dune $HidébH of t he medi um was
na Kog a'}% ul Campiterspediicarroni PablGiad ghigl,, 19640e sugar tained in the

al kal i nen ¥ \.aw/‘%’ nt r @lewmgopyright 196#et abol i sm decreases consi derably.
gaseous a ith air duri-agtheincuba- 55 Any m cr oor gani Sns

canﬁakatgéwagwmm(zﬁ;zgm 2B2GS, ZBzK)gI utam c acid from carbon conpounds and
At ttervatifal Gladfichifon: D& o t 1 P! ication of the 10 nitrogen conpounds can
be\ used in the bacteriacyfieiers gpﬁéﬁhcﬁl(ﬁ\he initial sugar had
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e hegd, L-glutamc
acid: gaach QSgah@aQﬂ@dr rtg: 1a@s o @aparki | alt iist erneobftft o} Ghi6 Uvensittg@rpraile UBS on was fed
to andﬁSANRAKU DistiiLers Co. Inc., of 7, 1- a process for producing L-glutamic acid in a

5 chome, Takara-cho, Chuo-ku, Tokyo, ]apan, high yield and in a short time,

a corporation organised under the laws of The present invention provides a process for
Japan, do hereby declare the invention, for the production of L-glutamic acid, which
which we pray that a patent may be granted comprises culturing microorganisms capable 40
to us, and the method by which it is to be of producing L-glutamic acid in a nutrient

10 performed, to be particularly described in and medium containing an assimilable carboa
by the following statement: — source and an assimilable nitrogen source,

This invention relates to a process for the while shaking under aercbic conditions, at a
production of L-glutamic acid by fermenta- temperature at which multiplication of the 45
tion. microorganisms takes vlace in the fermenta-

15 Some species of geni Bacillus, Micrococcus, tion, _subsequently feeding a 44—49 g/dl sugar
Corynebacterium and Microbacterium can pro- §olut10n to the culture medium and recover-
duce L-glutamic acid in a medium compris- ing L-glutamic acid from the culture mpdium.
ing a carbon source, (for example glucose, Thus, the fermentation of L-glutamic acid 50
fructose, maltose, sucrose or starch which has comprises two stages:

20 been hydrolysed by acids or enzymes), a (1) an initial multiplicative stage when the

S nitrogen source, (for example ammonium number of bacteria is increased, and

hydroxide, ammonia, ammonium sulphate, (2) the L-glutamic acid production stage.

g ammonium chloride, ammonjum nitrate or We have succeeded in producing L-glutamic 55

urea) inorganic materials (for example acid rapidly and efficiently by this process.

25 KH.PO,, MgSO,, FeSO, or MnSO,.) and Preferably, the medium is heated to 34—38°
nutrients (for example corn steep liquor, C before, during or after feeding the 44 to 49
hydrolysed protein solution, amino acids, we1g'ht/vol . sugar solution to the culture ;

medinm.: 0

biotin, desthio-biotin, diamino-perlargonic acid
or oleic acid) at a temperature of from 27 to
32° C.

Preferred methods of producing L-glutamic
acid are described in, e.g., Specifications Nos.

Table 1 shows the amount of L-glutamic
acid produced, the yield of L-glutamic acid,
calculated on the total sugar, and the time at
which the sugar was fed.

TABLE 1

Feeding time on medium initially L-glutamic acid produced Yield of L-glutamic acid

containing 15g/dl of sugar (g/dD) (% by we1ght)
after 3g/dl (i.e. 20%)

of the initial sugar 5.50 29.0
decrease had been used

after 6 g/dl of the

initial sugar had been used 7.03 37.0
after 9 g/dl of the

initial sugar had been used 6.10 32.1

$Price 4. 6d.}



genus Bacillus such as Bacillus negatherium the culture nmedium The medi um
was then 15 Bacillus subtilis, Bacillus circulars, Bacillus cultured at
36[err] C. for 44 hours. The total ~_cereus; species Escherichia coli;
speci es be- anpunt of sugar used as 19.5 g/dl. | onging to the genus
M crococus such as The amount of L-glutam c acid produced 65

M crococus varians and species belonging to was 8.49 g/dl and the yield
cal cul ated on t he genus Brevi bacterium such as Brevi- total sugar
content was 43.52percent. The 20 Dbact erdsuesd | act of er ment us, (for

exanpl e supernat QUi d 1. T.0 1 Ch T 3655
and " 13869)  Br oy, BB HeE ffi‘gﬂp}ée,ntb@f‘f“ﬂg%%f Tl ol T
bacteri um kavvasa)lﬂu /d1BE evi bact er rum evari -sugat an{:@dls alt jd,laiﬁ 4;@;@, 2l
and subjected to 704g80 7H20;:ét OB:aelvwbé’e*t*erqream ianhe ogjah eggag vontddr. elai ¢his

crystallisation. ThauMgi Tl uba 4; thé.‘i‘ Pigfecamn,bsa Iy Sugars ”  means
saccharal yticum (f Glzar £XAOBVE of kﬁy"]i AITEe malipee SURRRCARSare
14066) . Brevibacterium lactofermentus No 2256 Table II dnWAMEY bmetint of L-glutamchhe

process for pr odchAg}?Q_ Imﬁﬁmweﬁ Ja@cnldted on Eee\acit) geedaref.ue yisllcd haglotapici asidm

strain no Rt 39V Al ad  p dotfeugar cppiey, \Apds the
el a0 on e G Oca s o SR SREICE L)
adopt ed processes Aﬂne&am my;ep@mmd Cdlletibre same mynnaﬁonlingmpdlﬂmn shows
the follow ng advantages: (1) a high 1, and was cul tured under the sarre
con- 30 concentration sugar solution can be used, and ditions as in
Exanple 1. Wen 8 g/dl of the consedeshtlly L-gl ut am'c acid is

accurmul ated initial sugar in the d be in a high
concentration; (2) the gihdetafkd)d 1k %’ktccé}@ %%‘ﬁ:%%g (éuh"n&nﬁl ution was
fed 80 time is decr@ysed; and §&) despl (% by hezight )gh theurd)he cul ture
medi um whi ch was the ution,
the yield to 36[err] C n a furthér®decrease &°3% of W5 of
L-glutam c acid based on tetal anount gai the inigd.al sugar ig the nedium
had occurred, sugar is high. after 22
hours from the beginning 8¢ the 8-87 The follﬂﬁnﬁng Exampl ®s illustrate
the in- fernmentation, 0.63kilolitreseof; the saneggygar 85 4  vention:
sol ution was fed once -agat-h—{(sugat—econcent+a EXAMPLE
1. tion: 19.71 g/dl calculated on total sugar 40

Starch hydrol ysat eFsfl tif bdwe Thtlg it ©3dn iR€Ahe UBEHYount of L-ghnshi€hbidl ipfoBtted ithe
115[err] C. for Joptimymn temperaturg Jomihel eulture @ﬁ@mammtalcglﬁmd_crgthumahamomc pfdsugar,
produced °u ‘tgo&?‘i@’r}“bla?“? rpé“é’““%ém?f‘eﬁl ar‘{l éeisn ) gBt;i tut}I 35
The yi el d cal cul &t ebicorii ke 9 amoun ofsgag,ar ruslea's stige In h Q?F
gl ucose, anount of sugar was 42.0 percent. The L- 0 1
KH err]PJerr], 0.04 g/dl of glutam crag (ﬂnvvas crystalli sed and wei ghed
572 45 I\/gSQerr] 7Herr]Op.p.m of Fe ions and 2 p.p.m kil ograns.

of M ions, 5 [err]/l of biotin, t4l Lgt u EXAMPLE 3.

steep liquor and 50 ferr]/| of i m‘FF‘“Bmd pro “B"rde\Y“’Bj%E‘ts@r?“um £ 'El&n strain

no. 3423 was 95 Feediag €V ba@;&;rl um ghart of(g/d{yent(%sbysi,(ﬁg’,\,bn no. (houﬂ“ tured
in the sane way as +A—Exarpte—1

no feed 31.5 14.70 5.89 40.0 40
no feed 36 14.70 6.21 42.2 36
no feed 36 20.16 7.52 37.3 42
feed 36 20.16 8.55 42.4 36

From the above table, it is seen that the supplied, the amount of L-glutamic acid pro- -

40 L-glutamic acid fermentation may be carried duced, the yield calculated on the total amount -
out rapidly and efficiently only when the high of sugar and the culturing time correspond- _
concentration sugar solution is fed and the ing to a feed sugar quantity. In this case the

temperature of the medium is raised, both at temperature was raised to 36° C. after feed- 50
a late stage in the fermentation. ing the sugar. —_

45 Table IV shows the total amount of sugar -



2256 (A.T.C.C. No. 13869) was inoculated on and after the initial sugar
content had de- 4

9 j ; .16 hours from

WE CLAIM IS - _ the begi nning of theferrrentatlon) 1k|IoI|\e» ~~~~~
1. A process for the production of L- 35 of 49.00% sugar
solution was fed to the glutamc acid, which conprises culturing
culture nedium (the total anount of sugar mcroorganisns capable of
producing _ L- 5 _used is 186298 g/dl). Subsequently, tHe

glutamc acid in a nutrient nmedi um contai ni ng medi um was heat ed

to 38 C. after 17 hours. an assinTdablte carbon source and an

The fernmentation took 48 hours. ) assim ] able nitrogen source,
whi | € shaki ngAmegt of sugar  Total SUgarTheI%TuulﬁedOf gtﬂgalbﬁfdam c SEMHr oduced
under aerobic cggﬁf]t i ons, (gtn)a tenp (%) m@@s)g. 71 g/dl and
the yield cal rgani sns

10 total anountl/of sugar 20d@% 45. 2 pér4°cent Th#-5t akes pl ¥ce in the
fermentation, equent | Jg-glutam g acid was gyystallised and
wei ghed feed| ng%; 44- 49 3?&? sugar solution to tﬁ 574
kil ograns. 1/5 in twice 24.70 7.32 cul tur®.6redi um abal recovering
L-glutam c 45 acid
fromthe cul ture'medium 329 >-35 16.7 ExAMVPLE?Y.
2. A process as claimed in claim1, V\,herei n, Twenty
mllilitres @ dlum bef or e,. Ecﬁf (HH}gthe

h he medi B d W
sugar sol U'totafgn "%he a!i!)oveu['a Iem% seen I 3 n?hﬁft?j-ug 1c ?38 IL sifurzd h '

mediumis Iﬁ&atnﬁdshmﬂd fetramlyB&{ et-F-]B @/dlf 1333 kC. tv]iiké ﬂﬂlt‘iﬁgamm as:uhgarcon-
corres poﬁdlawggis df !E@ wtal a@‘mn °f ﬂi"' Sg‘Fad ltt%gsaiﬂﬂi'gi mg’lt aﬁ?ﬁ“méw%rm% g/ dl of
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2256 was
coli.
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tili acil cir
ec1 éts?hhef[pﬁ }tfﬁ} Blge-

Mzcrow:acus varzans and species belongmg to
the genus Brewvibacterium such as Brevi-
bacterium  lactofermentus, (for example
ATCC Nos, 13655 and 13869), Brevi-
bacterium hawasakii, Brevibacterium devari-
catum, Brevibacterium aminogenes and Brevi-
bacterium  saccharolyticum  (for  example
ATCC No. 14066).

The process for producing L-glutamic acid
according to the present invention has been
compared with the generally adopted processes
and shows the following advantages: (1) a high
concentration sugar solution can be used, and
consequently L-glutamic acid is accumulated
in a high concentration; (2) the culturing
time is decreased; and (3) despite the high
concentration of the sugar solution, the yield
of L-glutamic acid based on total amount of
sugar is high.

The following Examples illustrate the in-
vention:

ereus S

ExaMrLE 1.

Starch hydrolysate solution which had been
sterilised at 115° C, for 15 minutes was made
up to 15 kilolitres. The medium contained
sugar corresponding to 15 g/dl of glucose,
0.1 g/dl of KH,PO,, 004 g/dl of
MgS80,.7H,O p.p.m. of Fe ions and 2 p.p.m.
of Mn ions, 5 v/1 of biotin, 0.5 g/dl of corn
steep liquor and 50 v/1 of vitamin B.

Brevibacterium lactofermentus strain no.
2256'(A.T.C.C. No. 13869) was inoculated on

51&? C
ampyn r usgé;rs]
’f‘ﬁ &LﬁgIWam§
was 849 g/dl and the yield calculated on
total sugar content was 43.5 percent. The
supernatant liquid from which the micro-
organisms were then centrifuged, was concen-
trated, adjusted to pH 3.2 and subjected to
crystallisation. The L-glutamic acid obtained
weighed 507 kilograms,

ExAmPLE 2.

Brevibacterium saccharolyticum strain no
7636 was inoculated on the medium which had
been prepared in the same way as Example
1, and was cultured under the same con-
dmons as in Example 1. When 8 g/dl of the
initial sugar in the medium had been used, 0.6
kilolitres of 44.17% sugar solution was fed
to the culture medium, which was then heated
to 36° C. When a further decrease of 3%, of
the initial sugar in the medium had occurred,
after 22 hours from the beginning of the
fermentation, 0.6 kilolitres of the same sugar
solution was fed once again (sugar concentra-
tion: 19.71 g/dl calculated on total sugar
used).

The amount of L-glutamic acid produced
was 8.27 g/dl. The yield calculated on total
amount of sugar was 42.0 percent. The L-
glutamic acid was crystallised and weighed 572
kilograms.

EXAMPLE 3.

Bremba'cteﬂum flavum strain no. 3423 was
cultured in the same way as in Example 1,
and after the initial sugar content had de—

iJb (&2l genus
G saubcachkgrichia
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cultured in the sane way as Exanple 1. On
producti on of L-
glutam c acid, substantially as described wth

reference to any of the Exanples.
6. L-glutam c acid when
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Bremba:ctmum lactofermentus strain no
2256 was inoculated on the medium and
cultured in the same way as Example 1. On
culturing, the medium was maintained in
alkaline range by adding 0.5 ml of 45 per
cent urea solution, After 20 hours, 5.5 ml of
45.0 per cent molasses solution was fed to the
medium and was cultured at 34° C, The
fermentation took 42 hours.

The amount of L-glutamic acid produced
was 7.3 g/dl and the yield was 40.1 per cent
calculated on the total amount of sugar.
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genus Brevibacterium, genus Bacillus, genus
Micrococcus or species Escherichia coli.

5. A process for the production of L-
glutamic acid, substantially as described with
reference to any of the Examples,

6. L-glutamic acid when produced by the
process claimed in any of the preceding claims.

ELKINGTON & FIFE, o
Chartered Patent Agents, ,Z
High Holborn House, 52/54, High Holborn,
London, W.C.1,
Agents for the Applicants,

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press
(I eamington) Ltd.—1964. Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.

60



The amount of L-glutam c acid produced under aerobic conditions, at a

t enperature at was 8.71 g/dl and the yield cal culated on the which
mul tiplication of the mcroorganisms 10 total anount of sugar..was, 45.2 per
cent. The takes place in the fernentation, subsequent |y L-glutam c
acid was crystallised and wei ghed feeding a 44-49 g/dl sugar solution to

t he 574 kil ograns. - culture nmedium and
recovering L-glutamc 45

acigd fromthe cul ture nedi um;52634 : EXAI\/PLE 4.
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