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ABSTRACT: In order to increase the production of tryptophan by maximizing expression of
recombinant ¢rp plasmid, Klebsiella pneumoniae KC105(pheA tyrA trpE trpR tyrR)
was genetically modified.

KC 107, inosine monophospate(IMP) auxotroph from KC 105 and KC 108, histidine(His)
auxotroph from KC 107 were also derived respectively to increase phosphoribosylpyropho-
sphate(PRPP) production which is required for tryptophan biosynthesis. From KC 197 phos-
phoribosylpyrophosphate consumption which is required for tryptophan biosynthesis. From
KC107 and KC108, KC 109 and KC 110, both arginine auxotrophs were derived respectively.

To investigate the expression of recombinant ¢rp plasmid in the selected K. pneumoniae
mutants, the auxotrophic mutants were transformed with recombinant trp plasmids pSC
101-trpE "**, pSC101-trpL( A att) trpE *** (pSC 101-trp-AF). Amount of tryptophan
produced and activities of tryptophan synthase of trpR"mutant(KC 100) and tyrR~
mutnat(KC 105) containing recombinant.plasmid pSC 101-trp operon were increased by
30-40% as compared with KC 99(phed tyrA trpE) containing recombinant plasmid pSC
101-trp operon. Activities of tryptophan synthase and production of tryptophan of KC 108
(His™) and KC 109(Arg™) containing recombinant plasmid pSC 101-frp operon were
increase by two-fold as compared with KC 107 containing pSC 101-frp operon.
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Table 1, Strains and plasmids used in  this
Sstudy

Strain Genotype and

. Source
properties

K. pneumoniae

KC 99 pheA” tyrA™ trpE-  ATCC 25306
KC 100 KC99 trpR - In this lab
KC 105 KC 100 tyrR - In this lab
KC 107 KC 105 IMP- In this study
KC 108 KC 107 His -~ In this study
KC 109 KC 107 Arg~ In this study
KC 110 KC108 Arg- In this study
Plasmids
pSC 101-trp JA221/pSC101- In this lab
trpE"®*

pSC 101-trp JA221/pSC101- In this lab

-AF ~trpL (Aatt) trpE*"*

irpR: Regulatory gene of #p operon

WrR.: Regulatory gene of twA gene

trpE"™" : Feedback inhibition resistant by
trypt()phan

trpL (4 att): Deletion of attenuator region in tp
operon
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Table 2. Requirement of arginine intermediates for growth in VB minimal medium in arginine

auxotrophs.

KC 107
Arg -1

Strain

Intermediate Arg -2

Arg™-3

KC 108

Arg -4 Acg -5 Arg-6 Arg -7 Arg”

L-glutamate

N-acetylglutamate

N-acetyl- -glutamy! phosphate
N-acetylglutamine- -semialdehyde
N-acetylornithine

L-ornithine

L-citrulline

arginosuccinate *

o O O O %

L-arginine 0

[T e R o B = I

0: Grow
* . Leaky grow

All strains were grown in Vogel-Bonner minimal agar plate supplemented with required arginine interme-

diates at 37°C for 24 hrs.
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Table 3, Specific activity of tryptophan synthase
in various K. pneumoniae auxotrophic
regufatory mutants containing recom-
binant trp plasmids.

Specific activity
of T. Sase
(U/mg protein}

Charac-

Strain ..
teristics

KC99 (pSC101-trpETE®) pheA tyrA 64

(pSC101-trp-AF*)  trpE 70
KC100 (pSC101-trpE™®) KC99 trpR 98
(pSC101-trp-AF) 96
KC105 (pSC101-trpEF®  KC100 tyrR 95
(pSC101-trp-AF) 100

* AF: Attenuator deletion and feedback inhibi-
tion resistant

All strains were grown in Vogel-Bonner minimal
medium supplemented with required amino acid at
37°C for 36 hrs.
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Table 4, Specific activity of tryptophan synthase
in various K. preumoniae auxotrophic
regulatory mutants containing recom-
binant tvp plasmids

Specific activity
o of T.Sase
teristics

11/ /mg protein!

- . Charac-
Strain

KC107 (pSCI101-trpEF™™  KCI05 MP- 9]

pSC101-trp-AF*) 98
KC108 (pSC101-trpEF®®%)  KC107 His 180
(pSC101-trp-AF) 211
KC109 (pSC101-trpE™™*)  KC107 Arg~ 330
(pSC101-trp-AF: 380
KC110 (pSC101-trpE*™) KC108 Arg" 260
(pSC101-trp-AF) 291

* AF: Attenuator deletion and feedback inhibi-
tion resistant

All strains were grown in Vogel-Bonner minimal
medium suppiemented with mum required amino
aicd and IMP at 37°C for 36 hrs.
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Table 5. The production of tryptophan by vari-
ous K. preumoniae auxotrophic
regulatory mutants containing recom-
binant trp plasmids.
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Table 6, The production of tryptophan by vari-
ous K. pneumoniae auxotrophic
regulatory mutants containing recom-
binant tp plasmids.

Strain Charac- Amount of

teristics Tr (mg/l)
KC99 (pSC101-trpET®") pheA tyrA 99
(pSCI101-trp-AF) trpE 98
KC100 (pSC101-¢rpE™®*)  KC99 trpR 131
(pSC101-trp-AF) 133
KC105 (pSC101-trpEF®®)  KC100 trpR 148
(pSC101-trp-AF) 155

trp operon 2] wh o] v wgich
Ty
BEE 4o
K. pneumoniae @ k844 ZAHo|FE
F4 S4ol B3R Aol olat odgkg
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KC107 (pSC101-trpE™") KC105 IMP- 145

(pSC101-trp-AF) 150
KC108 (pSC101-trpE ™" KC107 His~ 178
(pSC101-trp-AF) 256
KC109 (pSC101-trpE#%) KC107 Arg- 229
(pSC101-trp-AF) 230
KC110 (pSC101-¢rpE**®) KC108 Arg~ 230
(pSC101-trp-AF) 233
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pSC101-trpL( Aatt) trpE ™ (pSC101-trp-AF) plasmid 4§ 5.3lstod 11p aperon & ubela) il AaldS mafa)
A ] S5m0l 44 Edo| ppRTel KC1003 twR™¢l KC 105 Wtiell vlél 4 tryptophan synthase # 4 o} = ¢) 337}

adedol 30-40% Fobslelvh, w3k His'al KC1083 Arg el KC1090 #1#7) #p plasmid /} weolwielg u) vaf KC

107¢i] uls§«] tryptophan synthase g4 wilsl Al4deke] 2 ) Zvjsfolct,

REFERENCES of biosynthesis of aromatic amino acids
and vitamins and their control in micro

1. Aiba, e/ «l., 1980, Enhancement of organization. Bacleriol. Reviews. 32,
tryptophan production by E. coli as an 465-492,
application of genetic engineering. Biote- 10. Gibson, F., in “Methods in Enzymology”
chnol. Lell. 2, 525-530. 1970, 17. 362-364, Ish-Horowicz, D. and

2. Aiba, ¢/ al, 1982, New Approach to J.F. Burke, 1981, Rapid and efficient cos-
tryptophan production by E. coli; mid vector cloning. Nucleis Acids Res. 9,
Genetic manipulation of composite plas- 2989,

mid in vitro. Appl. Environ. Microbiol. 11, Manson, M.M., and C. Yanofsky. 1976,
43, 289-297. Tryptophan operon regulation in inter-

3. Blumenberg, M., and C. Yanofsky, 1982, specific hybrids of entric bacteria. /.
Regulatory region of the Klebsiella aer- Bacteriol 126, 679-689,
ogenes trvptophan operon. J. Bacteriol. 12. Miller, J.H., in “Experiment in molecular
152, 49-56, genelics” 1972, p.125-129, Cold Spring

4, Chi, Y.T,, and S.Y. Lee, 1983. Construc- Harbor.
tion of Escherichia coli K-12 trpL (A att) 13. Miozzari, G.F, and C. Yanofsky, 1978,
tpE ™ mutant and its characteristics Translation of leader region of the £,
Kovean Biochem. J. 16, 246-251, coli. tryptophan operon. J. Bacteriol. 133,

5. Chi, Y.T., and 1.Y. Kim and S.Y. Lee, 1457-1466,

1984, Cloning and expression of E. coli. 14. Nogard, M.V., K. Kim, and ].J. Mono-
K-12 trpL(A4att) rpE ™  gene in Kleb. han, 1978, Factors affecting the transfor-
stella pneumoniae. Kor. Jour. Microbiol. mation of E. ¢oli. Strain 1776 by pBR
22, 229-234, 322 plasmid DNA. Gene. 3, 279-292.

6. Chi, Y.T,, L.C. Kim and S.Y. Lee, 1985, 15, Parris, C.G., and B. Magasavik, 1981,
Effects of fat and ssd mutation on the Tryptophan metabolism in Klebsiella aer-
expression of a recombinant #p plasmid ogenes: Regulation. of the utilization of
and tryptophan production in K. aromatic amino acids as of nitrogen. /.
pneumoniae. Kovean Biochem. ]. 18, Bacteriol 146, 257-265,

103-107, 16, Tribe, D.. and ]. Pittard, 1979. Hyper-

7. Cohen, S.N,, and A.C.Y. Chang, 1977, production of tryptophan by Escherichia
Revised interpretation of the origin of the coli: Genetic manipulation of the path-
pSC 101 plasmid. /. Bacteriol. 132, 734. ways leading to tryptophan formation.

8. Crawford, I.P., 1975, Gene rearrange- Appl. Environ. Microbiol. 38, 181-190.
ments in the evolution of the tryptophan 17, Udenfriend, S. and R.E. Peterson, 1962,
synthetic pathway. Bacteriol. Review. 39, in “Method in Enzvinology”, 3, 613,
87-120. (Received Feb. 12, 1987 )

9. Gibson. F, and J. Pittard, 1968, Pathway



