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Biotechnology for the Production of Threonine Production

Kyoung-Ja Kim
Dept. Of Genetic Engineering, Soonchiunhyang University Onvang, Chungnam, 336-600, Korea

Abstract — Various methods are available for the production of L-threonine. The microbial production
of L-threonine has been achieved by breeding L-threonine analog-resistant auxotrophic mutants of various
bacteria. The enzymatic production of L-threonine has been demonstrated by use of threonine metabolic
enzymes such as threonine deaminase, threonine aldolase, or threonine dehydrogenase complex.
Threonine synthesis from glycine and ethanol seems to be catalyzed by the enzymes Methanol dehydro-
genase(MDH) and Serine hydroxymethyltransferase(SHMT), which was also found to catalyze the aldol
condensation of glycine with acetaldehyde. The improved production of L-threonine has been achieved by
amplifying the genes for the L-threonine biosynthetic enzymes using recombinant DNA techniques.
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Table I— Production of L-threonine
Microorganism Geneticcharakter l:"roduct Reference
or precusor yield (g/l)
Arthrobacter paraffineus Ile- 9 Takayama et al. (1969)
Escherichia coli DAP- MET- 13 Kase and Nakayama (1971)
Candida guillermondil Ile-, Met—, Trp~ 4 Tsukada and
Sugimori (1971)
Brevibacterium flavum AHVr 18 Nakamori and Shiio (1972)
Corynebacterium AHV7", Met ™, 14 Kase and Nakayama (1972)
glutamicum Met~
Escherichia coli AHV-, Met-, 6.1 Shiio and Nakamori (1969)
Tle-
Serratia marcescens DAP-, lle-, 12.7 Komatsubara et al. (1978)
AHVr
Serratia marcescens AHVr, AECr, Thr- 25 Komatsubara et al. (1979)
Deaminase ™,
Thr-Dehydrogenase ~
Bacillus subtilis L-Homoserin Hayashibe et al. (1959)
Proteus rettgeri L-Homoserin Sugahara et al. (1964)
Enterobacter DL-Homoserin Demeni et al. (1975)
Brevibacterium AECr, AHV", Leu~ 18 Karasawa et al. (1986)

lactofermentum AJ 11786
AJ 11787 (Fusant)

Ile-, Lys~

Abbreviations: DAP; @ , & -Diaminopimelate, AHV; « -Amino-g-hydroxyvalerate, AEC; S{ 8-Aminoethyl)}-cysteine
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454 A A

A

7k=le]l HDell 93] A§4d%l homoserine ©| <+
threonine &2 A 3t=lz] k= Zoz waizr},
Homoserine & threonine © 2 #3ki]7]E 34|
Aol Feddl= homoserine kinase(HK)S cl-
one &e 24 threonine AWAFE 33g/! 7Hx] Z7)4]
Z 4 9%lx lysine & homoserine FE 7r4A]
Z 4 9}, o] W, HD 9} HK geneo] 22 &
Foll Aol EAsl7] #Aslx+& plasmid incom-
patibility & AAs o stz HD % HK gene <
Z+7t compatible & & plasmid vector &,
chlorampenicol A 34Jgl plasmid PAJ 1844 ¢}
trimethoprim #8449l plasmid PAJ 2120 A%t
A7 & B. lactofermentum o) AR R A}, o]
FAH A= 30% A threonine P4lo] F7}s
% 3 homoserine ¥ lysine % 7L X ALE-o
HD-recombinant plasmid =} 7} &7 A 3k ¥ o}
LA 7rAas|Qdch ™ o]9e) Sermtza marcescens
of 41+ transduction 7[*-& o]&3lo] L-threon-
ine A 40g/l 2 Z7LAAT D SH 2L o)
43 L-threonine “34t¢] 7% recombinant
plasmid 7} o] AAeE Bt £450] Wz 7
7} B}, 4 22122 Threonine 9 PAeps =
7}A] 717} Hﬁﬂ/ﬂ + recombinant plasmid & <4
Aol #3k A7t s},

z2 B

L-threonine &| Shepdarg SIsiA: F57Hako]
s 83}t L-threonine o A3t A3} =47t
UEE olaigte2 A L-threonine BAEg0] &

TFE AL & ok o7 JkeTF ) thre-
onine | -FAHA| A& FolwolaE o] gl L-
threonine “§4He- 5714172 4 3lt}. Threonine
Aloll oddhe 4] Aukg-S olgsted L-thre-
onine & A4 % U}, #Zol= threonine 9
Aol Hodsle T4 F ZAFT 49 homoser-
ine dehydrogenase 2} homoserine kinase gene
€ cloning 3711} threonine operon< cloning
3ed -n—;QJ—ELXJ o2 ekl FF5 odo] L-thr-
eonine & HEPAE x5 g}, %o threon-
ine operon ¢ W&ol AFE A7} Fura] z =l
of 3hzlth,

et

(=]
o

1) Carter, H.E. and West, H.D.: Org. Svnthesis, coll. vol.
3. 813 (1955). ;

2) Meltzer, H. L. and Sprinson, D. B.: The synthesis of
4-C!4, N15.threonine and a study of each metabolism.
J. Biol. Chem. 197, 461-474 (1952).

3) Soda, K., Tanaka, H. and Esaki, N.: Amino Acids in

Biotechnology vol. 3, Verlag Chemie, 477-532 (1983).

Denki Kagaku Kogyo K. K., Tokyo. JP: Verfahren

zur Herstellung von L-Threnoine. German Patent,

offenlegungsschrift, DE 3247703A1 (1983).

5) Kase, H., Tanaka, H. and Nakayama, K.; Studies on

4

-

L-Threonine Fermentation. Part I: production of
L-Threonine by Auxotrophic Mutants of various
Bacteria. Agric. Biol. Chem. 35, 2089-2096 (1971).

6) Kase, H. and Nakayama, K,; Production of L-Thre-
onine by analog-resistant Mutants. Agric. Biol.
Chem. 36, 1611-1621 (1972).

7) Soda, K., Tanaka, H. and Esaki, N.: Amino Acids in
Biotechnolgy vol. 3, Verlug Chemie, 520-522 (1983).

8) Choi. Y. J. and tribe, D.: Continuous production of
phenylalanine using an Escherichia coli regulatory
mutant. Biotech. Lett 4, 223-228 (1982).

9) Gil, G. H., Kim, S. R., Bae, J. C. and Lee, J. H.: pilot-
scale production of L-pheylalanine from D-glucose.
Enz. Micro. Technol. 7, 370-373 (1985).

10) Tsuchida, 1
L-phenylalanine by fermentation. U.S. patent 3. 909,
353.

11) Komatsubara, S., Kisumi, M. and Chibata, 1.: Trans-
ductional Construction of a Threonine-producing

"., Matsui, J., Enei, J. and Yoshinaga, F.:

Strain of Serratia marcescens. Appl  Eneiron.
Microbiol. 35, 834-840 (1978).

12) Karasawa, M., Tosaka, O. lkeda, S. and Yoshii, H.;
Application of protoplast Fusion to the development
of L-Threonine and L-Lysine producers. Agr. Biol
Chem. 50(2), 339-346 (1986).

13) Katsumata, T., Ozaki, A., Oka, T. and Furuya, A.:
Protoplast Transformation of Glutamate-producing
Bacteria with plasmid DNA. J. Bucteriol. 159, 306
(1984).

14) Umbarger, H. E.; Amino acid biosynthesis and its
regulation. Annu. rev. Biochem. 47, 533-606 (1978).

15) Patte, J. C., Lebras, G. and Cohen, G. N.: Regulation

J. Pharm. Soc. Korea



Threonine®] &332 A4k

455

by methionine of the synthesis of a third aspar-
tokinase and a second homoserine dehydrogenase in
Escherichia coli K12. Biochim. Biophys. Acta. 136,
245-257 (1967).

16) Kase, H. and Nakayama, K.: Mechanism of L-th-

reonine and L-lysine prooduction by analog-resistant

mutants of Cornvuebacterivm  glitamicum.  Agric.

Biol. Chem. 38, 993-1000 (1974).

17) Tsukada, Y. and Sugimori, T.: Induction of Aux-
otrophic Mutants from Candida species and their Ap-
plication to L-Threonine Fermentation. Agric. I3iol.
Chem. 35, 1-7 (1971).

18) Shiio, 1. and Nakamori, S.: Microbial production of

=

L-Threonine. part 1. production by Escherichia Coli
mutant resistant to «-Amino- 8 -hydroxyvaleric acid.
Agric. Biol. Chem. 33, 1152-1160 (1969).
19) Shiio, I. and Nakamori, S.: Microbial Production of
[.-threonine. Part II. production by @-amino-g-hydro-
xyvalerci acid resistant mutnéts of glutamate pro-
ducing bacteria. Agric. Biol. Chem. 34, 448-156
(1970).
Stadtman, E. R., Cohen, G. N., Lebras, G.,
Feedback inhibition

and repression of aspartokinase activity /n

20

=

and

-deRobichon-Szulmajster, H.:

Escherichia coli and Succharomyees cerevisiae. | Biol.
Chem. 236, 2033-2038 (1961).

21) Kaneko, H. and Sakaguchi, K. Fusion of protoplasts
and genetic recombination of Brevibacterium flavim.
Agric. Biol. Chem. 43, 867-868 (1979).

22) Hirakawa, T., Tanaka, T. and Watanabe, K,; .-Th-
reonine production by Auxotrophs of E. coli. Agric.
Biol. Chem. 37, 123 (1973).

23) Freundlich, M.: Multivalent repression in the biosyn-
thesis of threonine in Sulmonella tvphimurium and
Escherichia coli. Biochim. Biophys. Res. Commun. 10,
277-282 (1963).

24) Bell, S. C. and Turner, J. M.: Bacterial catabolism of
threonine. Biochem. J. 156, 449 (1976).

25) Karasek, M. A. and Greenberg, D. M.: Studies on
the properties of .’I‘hreonine Aldolase. J. Biol. Chem.
227, 191-205 (1957).

26) Luginbuhl, G.H., Hofler, J. and Decedue, C.].: Bio-
degrative L-Threonine Deaminase of Semonella t-
phimurium. J. Bacteriol. 120, 559-561 (1974).

27) Willet, A.J. J.M.:

and Turner, Threonine

Vol. 34. No. 6, 1990

28)

29)

30)

31

32)

33)

34)

35)

36)

37

38

~

=

metabolism in a strain of Bacillus substilus. Biochem.
J. 117, 27-28 (1970).

Blackmore, M.A. and Turner, J.M.: Threonine Me-
tabolism via Two-carbon Compounds l?y psendo-
monas oxalaticus. J. Gen. Microbiol. 87, 243 (1971).
Schirch, L. and Gross, T.: Serine Hydroxyumethyl-
transferase identification as the Threonine and
Allothreonine. J. Biol. Chem. 243(21), 5651-5655
(1968).

Morris, J.G.: Utilization of L-Thronine by a pscu-
A catabolic Role for L-Threonine
Aldolase. Biochem. J. 115, 603-605 (1969).

Malkin, L.I. and Greenberg, D. M.: Purification and

domonas:

properties of Threonine or Allothreonine Aldolase
from Rat Liver. Biochim. Biophys. acta. 85, 117-131
(1964).

Willet, A.J. and Turner, J.M.: L-Threonin Acetal-
dehyde-Lyase in a Strain Bacillus Subtilis., Biochim
Biophys. Acta. 252, 105-110 (1971).

Yamada, H., Miyazaki, S.S. Shirae, H. and Izumi,
Y.: Threonine production from Glycine and Ethanol
by a Methanol-utilizing Bacterium. J. Ferment.
Technol. 63, 507-512 (1985).

Davis, L. and Thompson, R.S.; Enzymatic produc-
tion of L-Allothreonine and L-Threonine. In: proc.
4th European Congress on Biotechnology 1987, vol.
2, Neijssel, 0.M.; van der Meer, R.R. and Luyben,
K. CH. AM. (eds), Elsevier Science pub. B.V.,
Amsterdam.

Kim, K.-J.: Isolierung und Charakterisierung des
[-allothreonine bildenden Enzymes in K. flurefa-
ciens. Dissertation, Bonn (1987).

Miwa, K., Tsuchida, T., Karahashi, O., Nakamori,
S., sana, K. and Momose, H.; Construction of L-Th-
reonine overproducing Strains of Fscherichia coli
K-12 using Recombinant DNA Techniques. Agric.
Biol. Chem. 47, 2329 (1983).

Mizukami, T., Yagisawa, M., Oka, T. and Fukuya,
A.: Improvement of the Stability of Recombinant
Plasmids carrying the Threonine operon in an L-Th-
reonine-hyperproducing Strain of Escherichia coli W.
Agric. Biol. Chem. 50, 1019-1027 (1986).

Morinaga, Y. Takagi, H., Ishida, M., Miwa, K.,
Sato, T., Nakamori, S. and Sana, K.: Threonine pro-

duction by Co-existence of cloned Genes coding



456 A4 A

Homoserine Dehydrogenase and Homoserine Kinase by recombinant Escherichia coli Strains. Biotec. Lett.

in Brevibacterium lactofermentum. Agric. Biol. Chem. 9, 77-82 (1987).

51(1) 93-100 (1987). 41) Shimura, K.: Threonine. In comprehensive
39) Nakamori, S., Ishida, M. Takagi, H. Ito, K. and Microbiology ed. Murray Moo Young, peragmon

Miwa, K.: improved L-threonine production by the press, 641(1985).

Amplication of the Gene Encoding Homoserine De- 42) Santamaria, S., Gil, J.A., Mesas, J.M. and Martin, J.

hydrogenase in Brevibacterium lactofermentium. F.: Characterization of an Endogenous plasmid and

Agric. Biol. Chem. 51, 87 (1987). Development of Cloning Vectors and a Transfroma-
40) Nudel, B.C., Corradini, C. Fraile, E. and Giulietti, A. tion System in Brevibacterium. J. Gen. Microbiol. 130,

M.: Plasmid maintenance and Threonine production 2237 (1984).

J. Pharm. Soc. Korea



