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Abstract — A threonine overproducer, E. coli TF427, which is resistant to threonine analogue,
a-amino-f-hydroxyvaleric acid (AHV), and requires both methionine and isoleucine was develo-
ped by the mutations of E, coli W3110 using N-methyl-N'-nitro-N-nitrosoguanidine (NTG) and
UV. The E. col: TF427 produced 46.5 g/l of threonine in a 5-L jar fermentor after 44 hr cultiva-
tion. The aspartokinase I of TF427 was not inhibited by threonine, and its synthesis was not

repressed by threonine plus isoleucine.

L-Threonine is one of the most important essen-
tial amino acids and the addition of threonine into
grains and feed increases the nutritional value of
them. The biosynthetic pathway of threonine from
aspartate and its regulatory mechanism have been
well elucidated in E. coli K-12 (1-3). Aspartokinases
and homoserine dehydrogenases are the key enzy-
mes regulated by feedback inhibition and repres-
sion by threonine, isoleucine, methionine, or lysine.
It has been reproted that auxotrophic mutants (4-
7) which require methionine, diaminopimelic acid,
or isoleucine and threonine analogue, a-amino-B-
hydroxyvaleric acid (AHV), resistant mutants (8-10)
produce L-threonine. In molecular genetic studies
of threonine metabolism (11), the three structural
genes coding for the threonine biosynthetic enzy-
mes belong to a single thr operon, which consists
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of thrA (codes for aspartokinase l-homoserine deh-
ydrogenase | complex enzyme; EC 2.7.24-EC 1.1.1.
3), thrB (codes for homoserine kinase; EC 2.7.1.39),
and thvC (codes for threonine synthase; EC 4.2.99.
2). The expression of thr operon is regulated at
the level of transcription termination via the atte-
nuation mechanism, which is controlled by the int-
racellular concentration of threonine and isoleucine
(12-14). Therefore, constitutive expression of thr
operon is essential for the development of threo-
nine overproducer suitable for industrial applica-
tion.

In this paper, we describe the development of
strain for L-threonine overproduction by the muta-
genesis and discuss the mechanism of L-threonine
overproduction by L-threonine producers.

Materials and Methods

Bacterial strains, media, and culture conditions
The bacterial strains used in this study are
shown in Table 1. LB medium was used for the
routine growth and M9 medium was used as a mi-



584

Table 1. Threonine production by the mutants derived
from E. coli W3110

Strain Characteristics® Threonine (g/1)
W3110 Wild type 0.01
TEF125 Met 0.4

TF219 Met , AHV" (10 g/h) 5.7

TF313 Met , AHV® (25 g/D 15.3

TF427 et , AHV" (25 g/, Ile" 18.3

“Met , thionine auxotroph; AHV" (10 g/{), resistant
to 10g’ »f a-amino-B-hydroxyvalenc acid; AHV® (25
g/l}, re- ant to 25g/ of a-amino-B-hydroxyvaleric
acid; Il 1soleucine leaky character.

"The an nt of threonine was determined by HPLC.
nimal  dium (15). If needed, M9 medium was

supple... ‘ated with 100 ug/m/ of L-methionine or
50 ug/r- of L-isoleucine. Production medium was
compo:  of 70g of glucose, 20g of (NH,),S50,, 1g
of KH.. , 0.5g of MgS0,-7H,0, 5 mg of FeSO,-7H,
O, 5my of MnSOy4-4H,0, 2g of yeast extract, 150
mg of :-methionine, and 30g of CaC(; in a total
volume of 1 liter, pH 7.0 A loopful of cells grown
at 33C on the LB agar plate was inoculated into
20 mi of production medium in 250 m/ Erlenmeyer
flask, and cuitured with shaking at 33C for 48 hr.
For the 5-L jar fermentor, fermentation medium
was composed of 50g of glucose, 10g of (NH,).50,,
2g of KH,PO,, 0.5g of MgSO, - 7H,0O, 5 mg of FeSO,-
7H,O, 5mg of MnSO,-4H.,0, 2g of veast extract,
150 mg of L-methionine in a total volume of 1 liter,
pH 6.8. Seed culture was grown at 33C for 10 hr
in 500 m/ Erlenmeyer flask containing 75 m/ of LB
medium and then transferred to 1.5! fermentation
medium, During the cultivation the feed medium
(glucose) was added intermittently. The culture co-
nditions were following; pH was maintained at 6.8
with 28% ammonia water using an automatic pH
controller, temperature at 33C, aeration rate at 1
vvim, agitation speed at 750 rpm, and dissolved ox-
ygen was maintained above 30%.

Isolation of auxotrophic mutants and AHV resis-
tant mutants

E. colr mutants which require methionine or 1so-
leucine were selected by the mutagenesis with UV
irradiation and ampicillin enrichment (20 ug/m/) by
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using the procedures described by Miller (16) with
some modifications. Culture of TKF125 was treated
with N-methyl-N'-nitro-N-nitrosoguanidine (NTG)
followed by growing at 33C for 2~4 days on mini-
mal agar plates contamning 2 mg/m/ of AHV and
100 pg/mi of L-methionine. Colonies appeared on
the plates were picked up as AHV resistant muta-
nts. Mutants which are resistant to 15 mg/m/ of
AHV from TF219 were 1solated on minimal agar
plates containing 15 mg/m/ of AHV and 100 yg/m/
of L-methionine at 33C for 3~5 days.

Enzyme assay

Crude cell extract prepared from sonic disruption
of cell grown in M9 minimal medium with approp-
riate supplements was used as an enzyme source.
The aspartokinase [ (AKI) activity was measured
by the procedure of Truffa-Bachi and Cohen (17).
One unit of enzyme activity was defined as the
amount of enzyme producing 1 umol of aspartyl-p-
hydroxamate for 1 hr. The amount of protein was
determined by the method of Bradford (18) with
BSA as a standard.

Results and Discussion

Isolation of methionine auxotrophs and produc-
tion of threonine

[t has been reproted that methionine which 1s
synthesized from homoserine, an Intermediate of
threonine biosynthesis, via cysthathionine (1) rep-
resses the synthesis of aspartokinase II (AKII)-ho-
moserine dehydrogenase II (HDII) in E. coli (2).
Thus, the blocking of homoserine flow to the me-
thionine biosynthetic pathway and the lack of feed-
back repression of AKII-HDII by methionine might
increase the production of threonine. Therefore,
methionine auxotrophs were isolated from E. coli
W3110 after mutagenesis with UV followed by am-
picillin enrichment. 5ix methionine auxotrophs
were selected and screened for their ability to pro-
duce threonine. All of them produced more threo-
nine than k. col: W3110 (wild type). The secretion
of threonine from the methionine auxotrophs seems
to result from the derepression of AKII-HDII bv

limitation of methionine. Among these mutants, TF
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Fig. 1. Growth inhibition of E. coli TF125 and TF313
by AHV.
*Symbols; o — 2, E. colt TF125; @— @, E. coli TF313.

125 which produced 0.4 g/l of threonine (Table 1)
was selected as the overproducer and used in the
following experiments.

Isolation of AHV resistant mutants and produc-
tion of threonine

The growth of TF125 was completely inhibited
by the addition of AHV at the concentration more
than 1 mg/mi. Thus, TF125 was mutagenized with
NTG and selected on the agar plates containing
2mg/m{ of AHV. The frequency of appearance of
AHV resistant mutants was about 1.6X107°, About
100 AHV resistant colontes were picked up and
each colony was tested for the threonine producti-
vity using production medium in 250 m/ Erlenme-
ver flask. 38 colonies of AHV resistant mutants pro-
duced more threonine than TF125. Among them,
TF219 accumulated 5.7 g/l of threonine (Table 1).
Although TF219 is resistant to 10 mg/m/ of AHYV,
it 1s sensitive to 15 mg/m{ of AHV. Therefore, the
T¥219 was mutagenized with NTG once again and
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selected on the agar plates containing 15 mg/m! of
AHYV. The frequency of appearance of high concent-
ration of AHV resistant mutants was about 4.2 X 10
7 About 100 mutants were tested for the threonine
productivity vy flask cuiture. Among them, TF313
which prouau :d 153 g/l of threonine was selected
as the best producer (Table 1;.

The effect of AHV on the growth of TF125 and
TE313 1s shown 1n Fig. 1. TF313 showed a resista-
nce up to 25 mg/mi of AHV, whereas TF125 was
completely inhibited by the addition of 1 mg/ml of
AHV,

AHV resistant strain, TF313, showed about 38-
fold higher production of threonine than AHV sen-
sitive strain, TF125. In order to elucidate the rea-
son for overproduction of threonine by TF313, the
AKI activity was measured. As shown in Table 2,
AKI activity of TF313 was not inhibited by threo-
nine and its expression was repressed by threonine
plus isoleucine, whereas the AKI activity of TF125
was controlled by feedback inhibition and repres-
sion by threonine and threonine plus 1soleucine,
respectively. Therefore, 1t was clear that feedback
resistant AKI 1s essential for the development of
threonine producer.

Isolation of isoleucine auxotrophs and production
of threonine

In E. coli the expression of thr operon 1s regulat-
ed by the intracellular concentration of isoleucine
and threonine (12-14). Thus, the blocking of the
biosynthetic pathway from threonine to isoleucine
15 essential for the overproduction of threonine.
Based on this fact, isoleucine leaky and/or complete
auxotrophs were selected by the mutagenesis with
UV tollowed by ampicillin enrichment from TF313.
Seven isoleucine leaky and/or complete auxotrophs
were 1solated and tested for the threomine produc-
tivity. Among them, TF427 produced 18.3 g/l of th-
reonine (Table 1). In a 5-L jar fermentor (Fig. 2),
the TF427 produced 46.5 g/l of threonine after 44 hr
cultivation.

To confirm the TF427 1s isoleucine auxotroph
or not, the threonine deaminase, the first enzyme
in the biosynthesis of isoleucine from threonine,
activity was measured in TE313 and TF427. No de-
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Fig. 2. Time course of threonine production of E. coli
TF427 in a 5-L jar fermentor.

Culture conditions were described in the text.
*Symbols; A — A, sugar content; @ — @, threonine;
J—3, ODsg( X 50).

Table 2. Comparison of properties of aspartokinase 1

Specific activity (units/mg protein)

Strain  Culture®

w/Lys’ w/Lys+ Thr
TF125 minimal 1.22 0.18
eXCess 0.62
TE313  minmimal 2.37 2.23
excess 1.19
TF427  minimal 2.25 2.13
exXcess 2.02

?The minimal medium contained 20 mM lysine and
methionine. The excess medium contained 20 mM ly-
sine, methionine, threonine, and isoleucine.

*The activity was determined in the presence of 20
mM lysine.

“The activity was determined in the presence of 20
mM lysine and threonine.

tectable activity was observed in TF427. In contrast,
TF313 showed normal threonine deaminase activity
(data not shown). And TF427 grew slow on minimal
agar plate containing only methionine. These resu-
Its indicated that the TIF427 is the isoleucine leaky
auxotroph, which was caused by a mutation in the
gene for threonine deaminase.

TF427 showed 20% higher threonine productivity
than TF313 (Table 1). In order to elucidate the
mechanism of threonine overproduction by TF427,
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the enzymatic properties of AKI were examined.
As shown in Table 2, TF427 showed constitutive
expression of AKI in high concentration of threo-
nine plus i1soleucine. The constitutive expression
of AKI seems to result from fhy attenuator mutation
(13, 19), ¢S mutation (20), or thrS mutation (21).
Furthermore, a mutation in #vA, coding for threo-
nine deaminase, leads to derepression of the thr
operon, probably as a result of isoleucine limitation.

In order to develop the strain suitable for indust-
rial prodnction of threonine, we are now selecting
another analogue resistant mutants or antibiotic re-
sistant mutants.
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