This article was downloaded by: [Case Western Reserve University]

On: 02 December 2014, At: 01:19

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer
House, 37-41 Mortimer Street, London W1T 3JH, UK

Bioscience, Biotechnology, and Biochemistry

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/tbbb20

High Fermentative Production of L-Threonine from
Acetate by a Brevibacterium flavum Stabilized Strain
Transformed with a Recombinant Plasmid Carrying
the Escherichia coli thr Operon

Masaaki Ishida®, Katsuaki Sato®, Ken-ichi Hashiguchi?®, Hisao Ito®, Hitoshi Enei® & Shigeru
Nakamori®

& Central Research Laboratories of Ajinomoto Co., Inc., 1-1 Suzuki-cho, Kawasaki-ku,
Kawasaki, Kanagawa 210, Japan
Published online: 12 Jun 2014.

To cite this article: Masaaki Ishida, Katsuaki Sato, Ken-ichi Hashiguchi, Hisao Ito, Hitoshi Enei & Shigeru Nakamori (1993)
High Fermentative Production of L-Threonine from Acetate by a Brevibacterium flavum Stabilized Strain Transformed
with a Recombinant Plasmid Carrying the Escherichia coli thr Operon, Bioscience, Biotechnology, and Biochemistry, 57:10,
1755-1756, DOI: 10.1271/bbb.57.1755

To link to this article: http://dx.doi.org/10.1271/bbb.57.1755

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of
the Content. Any opinions and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied
upon and should be independently verified with primary sources of information. Taylor and Francis shall

not be liable for any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other
liabilities whatsoever or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any

form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/loi/tbbb20
http://www.tandfonline.com/action/showCitFormats?doi=10.1271/bbb.57.1755
http://dx.doi.org/10.1271/bbb.57.1755
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Case Western Reserve University] at 01:19 02 December 2014

Biosci. Biotech. Biochem., 57 (10), 1755-1756, 1993

Note

High Fermentative Production of L-Threonine from Acetate by a Brevibacterium flavum
Stabilized Strain Transformed with a Recombinant Plasmid Carrying the Escherichia

coli thr Operon'

Masaaki IsHipA, Katsuaki SATo, Ken-ichi HasHiGucHi, Hisao ITo, Hitoshi ENEl, and Shigeru

NAKAMORI

Central Research Laboratories of Ajinomoto Co., Inc., 1-1 Suzuki-cho, Kawasaki-ku, Kawasaki, Kanagawa 210, Japan

Received February 3, 1993

Decrease in L-threonine productivity caused not only by
plasmid-free segregation but also by plasmid deletion was observed
in a Brevibacterium flavum L-threonine producer when transformed
with a recombinant plasmid carrying Escherichia coli thr operon.
However, a recombinant strain, HT-16, was stabilized by the addition
of trimethoprim (a selective marker on the vector) at concentration
of 1000 pg/ml, which was rather higher than the minimum inhibitory
one, into the stock culture medium. Strain HT-16 produced
64.4 g/liter of L-threonine, 30% higher than that of the host strain,
after 92h of cultivation in a small jar fermentor using acetic acid
as a carbon source without trimethoprim.

Novel host-vector systems have been developed for com-
mercially important amino acid-producing coryneform bacteria
such as Corynebacterium glutamicum and Brevibacterium lacto-
fermentum (for a review, see reference 1). Using these systems,
several trials of molecular breeding of L-threonine producers
have been successfully carried out by the amplifications of indig-
enous® ™ or foreign genes®” encoding L-threonine biosynthetic
enzymes.

In the previous paper,” we reported on availability of an
amplification of the Escherichia coli thr operon in Brevibacterium
flavum BBIB-19 for an improvement of L-threonine production.
The maximum yield of L-threonine production from glucose by a
recombinant strain, HT-16, carrying pAJ514 was 27%, and 2.3
times higher than that of the host strain at the flask level. Then,
L-homoserine, a precursor of L-threonine, disappeared. This result
suggests that the effective conversion of L-homoserine to
L-threonine was caused by the amplification of the thr operon.

Plasmid instability is a serious problem often encountered in
the case of scaling up amino acid fermentation. In this report, we
describe the successful L-threonine production by the stabilized
recombinant strain in a small jar fermentor.

Plasmid pAJ220, a vector used for the construction of pAJ514,
was derived from a cryptic plasmid, pAM330, in B. lactofermentum.
High plasmid stability of pAM330 derivatives was confirmed even
in the absence of trimethoprim, an antibacterial substance as a
selection marker on the vectors, by their use for cloning of sever-
al indigenous genes.>*1? We also investigated stability of L-
threonine productivity using single colonies isolated from strain
HT-16stored at —70°C on a plate of medium CM2G (1% peptone,
1% yeast extract, 0.5% NaCl and 0.5% glucose, pH 7.0)® without
trimethoprim. Then, difference in the colony size was observed.
An L-threonine production test was done by aerobic cultivation
in a 500ml flask containing 20ml of L-threonine production
medium TP-2 (10% glucose, 3% (NH,),SO,, 0.1% KH,PO,,

0.04% MgSO,-7H,0, 10 ppm FeSO,-7H,0, 10 ppm MnSO, -4-
H,0. Sug/ml thiamine-HCl, 0.1ug/ml d-biotin, 300 ug/ml
L-isoleucine, 320 ug of soybean-meal hydrolysate as the total
nitrogen per milliliter, and separately sterilized 5% CaCO,, pH
7.0)” without trimethoprim at 30°C for 72h, and followed by
the estimation with HPLC. In the larger colonies, loss of the entire
plasmid was observed and their L-threonine productivities were
reduced to the host strain level (11.5 g/liter). On the other hand,
various deleted plasmids were detected in the smaller colonies, of
which L-threonine productivities were slightly higher (approx-
imately 12-17 g/liter) than that of host strain.

The effect of trimethoprim in the stock medium on plasmid
stabilization, and therefore, the maintenance of the L-threonine
productivity was investigated. In recombinant strain HT-16 cells
grown on CM2G-plate containing 300 pg/ml trimethoprim, at
which host strain BBIB-19 was scarcely able to grow, deleted
plasmids were yet observed although fewer than the case without
trimethoprim, and their L-threonine productivity decreased to
15-16 g/liter. When the recombinant cells grown at 1000 ug/ml
trimethoprim were used as an inoculant for the L-threonine
production test, they maintained the original productivity
(23.3 g/liger) of strain HT-16, and no enhanced instability of the
plasmid was observed during the cultivation in L-threonine
production medium TP-2 without trimethoprim at 30°C for 72 h.
The initial L-threonine productivity in the cells after the 6 successive
subcultures (approximately 20 cell doublings) was also maintained
without increase of deleted plasmids in medium CM2G
supplemented with 1000 ug/ml trimethoprim. Thus, we adopted
this as the stock medium of strain HT-16. Addition of trimethoprim
at 1000 ug/ml, which seems to be rather strong as compared with
the minimum inhibitory concentration (300 ug/ml) of the host
strain, led to the repression of segregation of plasmid-free cells,
and interestingly the effective elimination of the deleted plasmids.
The latter phenomenon suggests the existence of hot spots for
deleted regions including, partially or wholly, not only the thr
operon but also the trimethoprim resistance gene. This spon-
taneous deletion mechanism might be explained by the slipped
misparing model'!) based on the slippage of DNA polymerase
between sites of short sequence matching during replication of the
hybrid plasmid. Because no enlarged plasmids were detected in
the course of this study, and when the thr operon was cloned onto
another vector derived from pAJ1844® which was compatible with
pAM330 derivatives, no deleted plasmids were observed although
plasmid-free segregants occurred (data not shown). Further
investigation at the DNA sequence level is necessary to clarify this.

We investigated L-threonine production by recombinant strain

t This work was presented in part at the Annual Meetings of the Agricultural Chemical Society of Japan, in Tokyo (1987) and the Society of

Fermentation Technology, Japan, in Osaka (1987).
Abbreviation: AHVR, resistant to a-amino-g-hydroxyvaleric acid.
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Table L-Threonine Production by Strain HT-16 in a Small Jar
Fermentor

L-Threonine fermentation was carried out in the following manner: 50 ml
of the pre-culture medium in a 500 m] flask was inoculated with one loopful
of the tested strain grown on a CM2G-agar slant. After 14-16 h of aerobic
cultivation at 31.5°C, 15ml of the pre-culture was transferred to 285ml
of L-threonine fermentation medium concentrated from 300ml of its
original volume in a 1-liter fermentor. The L-threonine fermentation
medium consisted of 10% glucose, 1% (NH,),S0,, 0.3% KH,PO,, 0.04%
MgSO, - 7H,0, 10 ppm FeSO,, - 7H,0, 10 ppm MnSO,-4H,0, 0.5% urea,
5ug/ml thiamine-HCI, 0.05ug/ml d-biotin, 0.41% CH;COONa, 0.4%
CH,COONH,, 0.35mg/ml L-isoleucine, 0.47mg of soybean-meal
hydrolysate as the total nitrogen per milliliter. The cultivation temperature
was 27°C. Oxygen was supplied at 1200 rpm of agitation speed and 1/2 vvm
of air rate during the glucose consumption, followed by the aeration of
1/1vvm. The pH of the culture medium was automatically controlled at
7.7 with gaseous ammonia in the fermentation assimilating glucose, and
then by the addition of feeding solution which consisted of CH;COONH,
and CH;COOH. The molecular ratio of CH;COONH, to CH;COOH
was 0.2, and total acetate concentration was 700 g/liter L-Amino acid
analysis of the culture broth was done with an amino acid analyzer.

Amino acid produced (g/liter) Cultivation = Growth
Strain time (O.D.s¢,
L-Thr L-Hse (h) x 26)
BBIB-19 49.2 (14.3)° 5.5 97 1.50
HT-16 64.4 (19.9) 04 92 1.45
 Yield (%) of L-threonine produced.
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Fig. Time Course of L-Threonine Fermentation Using Strain HT-16 in

a Small Jar Fermentor.

HT-16 from acetate in a fed-batch culture, since Akashi et al.
reported a higher yield of L-threonine production by a B. flavum
AHVR mutant from acetate as a carbon source than that from

glucose and then a problem of a by-product, L-homoserine,
formation caused by regulated homoserine kinase.'? After 16h
of cultivation at 30°C using the plasmid-stabilized strain in the
pre-culture medium for the small jar fermentor (3% glucose, 0.15%
KH,PO,, 0.04% MgSO,-7H,0, 2ppm FeSO,-7H,0, 2ppm
MnSO,-4H,0, 0.3% urea, 0.3 ug/ml thiamine-HCI, 0.2 ug/ml
d-biotin, and 2mg of soybean-meal hydrolysate as the total
nitrogen per milliliter, pH 7.0), 98% of the tested colonies carried
intact pAJ514. This result shows the stability of pAJ514 is
guaranteed during the pre-culture in the absence of trimethoprim,
when approximately 7.0 cell doublings occurred. As shown in
Table, the effective conversion of L-homoserine to L-threonine in
recombinant HT-16 was demonstrated in a small jar fermentor.
Figure shows a typical time course of the improved L-threonine
production by strain HT-16. This result shows that the L-threonine
production was successfully carried out in the absence of
trimethoprim during approximately 7.0 generations by using the
intact pAJ514-carrying strain as an inoculant.
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