Hform by washing with 2-N hydrochloric crystal was 91% as determ ned by

M cr o- acid, and the L-threoni ne was absorbed on the biological assay.
resin. After the resin had been washed with EXAMPLE 3
wat er, the L-threonine was eluted wi th aqueous To the sanme fernentation

medi um as des- 20 5 ammoni a (3 5%, and the fraction giving a cribed in

Exanpl e 1, Xanthononas citri éISI tive ni nhﬁlri n-reacti on was

col I ected. inocul aRAmNHE CSPE FIGCATIONCc con- Excess
a a was renoved frorﬁ g Wi g |ons, L- honoseri ne ms@%ﬂ@ﬁji fferent
eludke by pgRE@F$ation under reduced pressure portions <l ture

medi Datgiof Abplicetiop endAfivg @@mblete bpacifisafionr M3yQ5, 196kad t he sol uti on
24, 32, f'warwb:hg; begi nning of 25 10 was then further

conggnt - AppitBdioiddt W j8pah (NoB2SEINGEM 2L o coOr r espondi ng

col i 2 / | \Compsledd $pQUFicatieit M¥kshedl B Im,;o 4 nmg./m . in the nedium
and e Jas @ Heflcdppight@e4 esul tant concentrated solu- was

cont i nued 48 hours. After tion, and white powdery

L-t hr eoni ne - conpl etion of the culture, the anount of lized,
and was separ at ed by filtration and dried. accunul ated L-threonine, as

det dndexradchepaptan®®:-1+62 CL2RHA10PB4F,2B6E8) crop of crude crystalline L-
M cnipteritidgAlCElassiicaivn:-LO87 8¢ 1di cated in t hr eoni ne were obtained. The

purity of this Table 2 TABLE
2 CW%E%}? SEE‘EJ’E’?F%’F\ION Accunul at ed anount of

(hour s) A method of predwucing Lrkhveonine by Fermentation
0 We, KyowAa HAKKO KocyoOC& L1p., a the L-homoserine to the nutrient medium in ©
1.5 corporation organized under the laws of Japan, a number of portions, preferably, when a
of 4, Ohtemachi-1-chome, Chiyoda-ku, Tokyo, microorganism of the second group is used,
Japan, do hereby declare the invention for from 6 to 60 hours after the beginning of the
5 which we pray that a patent may be granted culture, and in association with a source of 50
to us, and the method by which it is to be assimilable carbon.
performed, to be particularly described in and As the nutrient media used in the new pro-
by the following statement: — cess, either organic or synthetic media may be
This invention relates to the production of used so long as they contain the necessary
10 L-threonine by fermentation. nutrients, e.g. sources of assimilable carbon, 55
L-threonine is an essential aminc-acid for nitrogen source, and inorganic substances.
animal and microbial nutrition, and when it As the carbon source, various kinds of car-
has been produced by cultivating a micro- bohydrate materials such as glucose, fructose,
organism in a nutrient medium, it is in general sucrose, maltose, glycerol, mannitol, sorbitol,
15 used for the biosynthesis of isoleucine or as a hydrolysate of starch, and waste molasses may 60
material for constructing protein. Accordingly, be used. These carbon sources may be added
it is difficult to accumulate a substantial quan- t« the medium in one lot at the beginning of
tity of L-threonine by culturing a micro- the culture or in portions during the culture.
organism in a nutrient medium, It is also Organic acids, such as gluconic acid, 2-keto-
20 krown that the enzymatic system which bio- gluconic acid, fumaric acid, citric acid, lactic 65 -
synthesises L-threonine from L-homoserine is acid, malic acid, itaconic acid, aconitic acid,
disturbed by the presence of various amino- succinic acid, and pyruvic acid may be used,
acids (Archives Biochemica, Biophysica 78, alone or together with a carbohydrate material.
416, 1958). The only process so far devised for The nitrogen source may be, for example, PR
25 the production of L-threonine from L-homo- ammonia, ammonium sulphate, ammonium 70/: "~
serine by direct fermentation using micro- chloride, ammonium phosphate, a nitrate, 1 ';'1 R
organisms is one using a mutant of Bacillus wrea and an other nitrogen-containing organic R
subtilis (Amino acids, No. 1, 74, 1959). substance, such as peptone, NZ-amine, meat
It has now been found that L-threonine may  extract, yeast extract, corn steep liquor, gase-itr, L@,
30 be produced biochemically by the aerobic fer- fish meal, soy bean, or a residue of fermenta- 757
mentation of nutrient media containing L- tionora hydrolysate thereof.
homoserine at 24—37°C. and a pH of 4—7 The inorganic substances may be for ex-
using, as microorganisms, either (i) Brevibac- ample, potassium dihydrogen phosphate, potas-
terium linens, Brevibacterium vitarumen, sium hydrogen phosphate, magnesium sulphate,
35 Brevibacterium liticum, Micrococcus rubens, and calcium carbonate. 80
Micrococcus varians, Xanthomonas pruni, Sar- The L-homoserine to be added to the
cina lutea, or Corynebacterium rathayi, in medium may be added as such, i.e. as chemic-
which case the L-homoserine is added to the ally pure L-homoserine, or in the form of a
medium from 6 to 48 hours after the begin- material containing L-homoserine, for instance
40 ning of the culture, or (ii) Micrococcus glu- an L-homoserine-containing culture solution 85
tamicus, Vibrio percolans, Xanthomonas citri, obtained by a culturing a microorganism or a
or Corynebacterium simplex, in which case the concentrate thereof. The amount added is pre-
L-homoserine may be initially present in the ferably about 2 to 20 mg. of L-homoserine
ctlture medium or may be added during fer- per 1 ml. of the nutrient medium.
45 1mentation. In both cases it is preferred to add The fermentation is carried out under aero- 90

[Price 4s. 6d.)
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0.9 It is clear fromthis Table that the best threonine requiring
strain of Mcrococcus glu- 35 tinme for adding,the L-honoserine is 6 or
nore tam cus (ATCC No. 14296). hour s afte’ t he begi nning of the

cul ture. To the same fernentation nedlggh@s des-
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to the medi um s8cURHNS ¢ f ﬁb‘ R tZ{“E) hgents éeear§t Jy ¢ t f2
medi um 4 of L-ﬁ@gﬁ“ﬁéﬁa 'éhowﬁ%xn %;ue inS&hRkat el y

at intervals of cflie hRaits ,nsds ra\bové:lz ﬂ:éJL&hrwaﬁxe C@d”lﬁepz{iue ortiéhk oft thishddiusn 4Harcal-
After anodnprodered i to a_total c@ngiemtdcratembln corxdmlmpl @tSD‘tSh wb the
cu e, he sceHSTRRCT Seobestberte " e it S,
amount of L-thrgp Lglﬁ belovs;I t b 5at ﬁrg B atrd? 4r§oum Sg

hours after t heakﬁ(&l’nmrd&&iﬂreby M cr obi ol ogi Caculﬁlﬁesﬁlyan amount beapaiinggo @fcont- he
cul ture was 615;73 Thei followghg - ExamplRaHNstighE tiR] i |Vic¢n@ation in  the medxum of 5 mg./ml., and

ternmined. by M & %Hlol ogi cal assay. On the i ‘ied‘“f?’hg%‘lg‘l% em hf"@g@fti’gg o

L-t hr eoni ne whi ch ot hegavpang, when 2% thg il OS&m g@ erm
cul turing aerobi claki ?areBnaumba:ctpHra ) Neontaining | Iﬁﬂldrttbam@ﬁalsds@y,amiftﬂa rceﬂebreald;dht | on

of L-hono- |it ivelghh fonvdyese de% v slyceppedis of MitFahedecus 50 serine, the
correspondi ng final concentration varians, Xanthononas pruni, Sarcina
| utea, or of L-threonine was 8.5 ny. ﬂ‘nﬂw 1 Cor ynebact eri um
rathayi, in a nutrient nmedium 75
at 24-37[err]C. and a pH of 4-7, adding L-amount of L-threonine in mg./ml. mIEP(AI\/PLE 5
honoserine to the nedium from 6 to 48 | culture mkdivmiwhend thd L-banmmbeing] ng
L- honoseri ne was hours fter .the beginniing of t hevageddedir e con-
prepared by concentr WEPUPHERE at i on K bogihditi] N4 hiWGs &df L LUre, and
i sol ating L-threonine non contai ni ng {5 %flﬂfﬁciﬁ\ﬂ f er|ne, from
the cul ture nmedium 80 of the culture
Brevibacterium linens 0.2 1.8
” vitarumen 0.3 1.6
" liticum. 0.56 1.0
Micrococcus  glutamicus 1.2 2.4
» rubens 0.2 1.1
2 varians 0.18 1.3
Vibrio percolans 1.0 2.0
Xanthomonas citri 0.9 2.8
s pruni 0.2 2.4
Sarcina lutea 0.3 ' 0.7
Corynebacterium rathayi 0.3 1.1
» simplex 1.5 1.8
EXAMPLE 2 After completion of the culture, the medium

Vibrio percolans was inoculated to the fer- was filtered to remove mycelium. 1 litre of the 50
mentation medium of Example 1, and culti- filirate (containing 4.6 mg./ml. of L-threo- .
vated under aerobic conditions at 30°C, L- nine) was adjusted to a pH of 2.0 by adding

45 homoserine was added to the medium after 6N-hydrochloric acid. This solution was fad
24 hours cultivation in a concentration corre- to a resin column packed with strongly acidic
sponding to 5 mg./ml. in the medium, and sulphonic acid-type cation exchange resin, 55
the culture was continued for 48 hours. which had previously been converted to the
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hours,  Afzedend was Semftf?fi bYaﬁlrernm Erigdo e ag d ed bycMpl et i on
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and drie accumu at ed £hrZoni ne, eterm ned by 30 15 4 g. of a
first cr op of crude crystalline L; cr obi ol ogi cal assay, was as indi catgg::
I n t hreoni ne were obtained. The purity of this Table 2. ?"
TABLE 2 Y : me of—addi-ti-on Accunul at ed
amount of Time of addition gﬁ’e ount of L-t hreoni ne
(mg. /ni.) (hours) e°mn6 g./ml) 0.2

0

6 1.5

12 2.0

18 2.0

24 2.8

32 3.1

48 0.9

It is clear from this Table that the best
time for adding the L-homoserine is 6 or more
hours after the beginning of the culture,

35

EXAMPLE 4

To the same fermentation medium as des-
cribed in Example 1, Xanthomonas citri was
inoculated. Beginning after 24 hours culture,
L-homoserine was added to the medium 4
times separately at intervals of 12 hours, in
amount corresponding to a total concentration
of 2.5 mg./ml. The amount of accumulated
L-threonine in the medium 96 hours after the
beginning of the culture was 6 mg./ml., de-
. termined by Microbiological assay. On the
- other hand, when 2% of glucose was added
simultaneously with each addition of L-homo-
serine, the corresponding final concentration

of L-threonine was 8.5 mg./ml.

. . ExXAMPLE 5
A material containing L-homoserine was

50

-. _prepared by concentrating a fermentation solu-,

55 tion containing 50 mg./ml. of L-homoserine,

which had been obtained by culturing an L-

threonine requiring strain of Micrococcus glu-
tamicus (ATCC No. 14296),

To the same fermentation medium as des-
cribed in Example 1, Xanthomonas citri was
inoculated and cultured under aerobic con-
ditions at 30°C. After 24 hours cultivation,
the said material containing L-homoserine was
added to the medium so that the concentration
of L-homoserine became 5 mg./ml. and the
culture was continued for 48 hours more. After
completion of the culture, the accumulated
amount of L-threonine was 3 mg./ml, de-
termined by Microbiological assay.

WHAT WE CLAIM IS:—

1. Process for producing L-threonine which
comprises culturing aerobically Brevibacterium
liticum, Micrococcus rubens, Micrococcus
varians, Xanthomonas pruni, Sarcina lutea, or
Corynebacterium rathayl, in a nutrient medium
at 24—37°C, and a pH of 4—7, adding L-
homoserine to. the medium from 6 to 48
hours after the beginning of the culture con~
tinuing the culture, and isolating L-threonine
from the culture medium.

2. Process for producing L-threonine which
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It is clear from this Table that the best
time for adding the L-homoserine is 6 or more
kours after the beginning of the culture,

ExampLE 4

To the same fermentation medium as des-
cribed in Example 1, Xanthomonas citri was
inoculated. Beginning after 24 hours culture,
L-homoserine was added to the medium 4
times separately at intervals of 12 hours, in
amount corresponding to a total concentration
of 2.5 mg./ml. The amount of accumulated
I-threonine in the medium 96 hours after the
beginning of the culture was 6 mg./ml., de-
termined by Microbiological assay. On the
other hand, when 2% of glucose was added
simultaneously with each addition of L-homo-
serine, the corresponding final concentration
of L-threonine was 8.5 mg./ml.

EXAMPLE 5
A material containing L-homoserine was

prepared by concentrating a fermentation solu~ .

tion containing 50 mg./ml. of L-homoserine,
which had been obtained by culturing an L-

threonine requiring strain of Micrococcus glu-
tamicus (ATCC No. 14296).

To the same fermentaton medium as des-
cribed in Example 1, Xanthomonas citri was
inoculated and cultured under aerobic con-
ditions at 30°C. After 24 hours cultivation,
the said material containing I.-homoserine was
added to the medium so that the concentration
of L-homoserine became 5 mg./ml. and the
culture was continued for 48 hours more. After
completion of the culture, the accumulated
amount of L-threonine was 3 mg./ml, de-
termined by Microbiological assay.

WHAT WE CLAIM 1IS: —

1. Process for producing L-threonine which
comprises culturing aerobically Brevibacterium
liticum, Micrococcus rubens, Micrococcus
varians, Xanthomonas pruni, Sarcina lutea, or
Corynebacterium rathayi, in a nutrient medium
at 24—37°C. and a pH of 4—7, adding L~
homoserine to the medium from 6 to 48
hours after the beginning of the culture con-
tinuing the culture, and isolating L-threonine
from the culture medium.

2. Process for producing L-threonine which
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