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Production of 3,4-Dihydroxyphenyl-L-alanine by Using the pB-Tyrosinase of Citrobacter freundii Overexp-
ressed in Recombinant Escherichia coli. Seung-Goo Lee, Hyeon-Su Ro, Seung-Pyo Hong, Kyu-Jong Lee, Ji-
Won Wang, Dong-Nyeon Tae, Ki-Nam Uhm’, Sang-Gu Bang', Young-Jun Kim' and Moon-Hee Sung*. Apoplied
Microbiology Research Group, Korea Research Institute of Bioscience and Biotechnology, KIST, PO. Box 175,
Yusung, Taejon 305-600, Korea, 'Biotechnology Laboratory, Taeduk Institute of Technology, YUKONG, 140-1
Wonchon-Dong, Yusung, Tagjon 305-600, Korea — By using the B-tyrosinase of Citrobacter freundii KCTC2006,
which was cloned and overexpressed in Escherichia coli, 3,4-dihydroxy phenyl-L-alanine (L-DOPA) was synthesized
efficiently from pyrocatechol, sodium pyruvate, and ammonium acetate. Optimal temperature and pH for the
reaction were determined to be about 18C and 85, respectively. The effects of substrate concentrations were
also examined at different concentrations of ammonium acetate, sodium pyruvate, and pyrocatechol. Ammonium
acetate and sodium pyruvate increased the reaction rate until the concentrations reached to 300 mM and 50
mM, respectively. Although pyrocatechol showed the optimal concentration at 20 mM, it was controlled between
20 mM and 50 mM to avoid the depletion of substrate during the enzymatic synthesis. Meanwhile the synthetic
rate was improved about 20% when ethanol was included in the reaction solution. Based on above results,
a reaction medium for the production of L-DOPA was prepared and incubated with 1 unit/m/ of B-tyrosinase.
Pyrocatechol and sodium pyruvate was added to the reaction solution intermittently to avoid the substrate deple-
tion during the enzymatic reaction. After 24 hour of reaction, 31.6 g/l of L-DOPA was accumulated in the reaction

solution as soluble and precipitated ones and the conversion yield was about 85.2%.
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Fig. 1. Overall cloning and expression scheme of Citrebacter
freundii KCTC 2006 p-tyrosinase gene (TPL). Expression
plasmid pHR1001 was constructed by inserting the TPL gene
into the HindIIl and Ncol site of the vector DNA (pTrc99A).
TPL gene fragment was obtained by polymerase chain reac-
tion (PCR) and digestion with HindlIIl. The sequences of pri-
mers used for PCR were 5-AATTATCCGGCAGAACCC-
TTC-3' (N-primer) and 5'-CGGATCCAAGCTTATTAGATA-
TAGTCAAAGCGTGCAGT-3' (C-primer). This was ligated
to pTrc99A serially treated with Ncol, Klenow fragment of
DNA polymerase 1, and HindlIL.
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Fig. 2. Expression of recombinant B-tyrosinase of E. coli JM
105 harboring plasmid pHR1001. E. coli cells were grown
at 37°C for 8 hours after induction of the trc promoter. Total
proteins were seperated by 12.5% SDS-PAGE and stained
with Coomassiae blue.

Lane 1, E. coli JM105/pTrc99A as a control; lane 2, E. coli
JM105/pHR1001; lane 3, molecular weight standards

Table 1. Effect of temperature on L-DOPA synthetic activity
of the B-tyrosinase originated from Citrobacter freundii KCTC
2006
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Fig. 3. Effect of pH on L-DOPA synthetic activity of the
B-tyrosinase.

Table 2. Comparison of different ammonium salts as an ing-
redient of the reaction solution for the synthesis of L-DOPA
with the B-tyrosinase

Ammonium salts Relative activity

(%)
ammonium acetate 100.0
ammonium chloride 93.1
ammonium nitrate 12.2
ammonium citrate 63.7
ammonium sulfate 17.3
ammonium oxalate 412
ammonium phosphate, dibasic 314
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Fig. 4. Effect of concentrations of ammonium acetate (@)
and ammonium chloride (O) on L-DOPA synthetic activity
of the f-tyrosinase.
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Fig. 5. Effect of concentrations of pyrocatechol (@) and so-
dium pyruvate (O) on L-DOPA synthetic activity of the f-
tyrosinase.
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Table 3. Effect of ethanol on L-DOPA synthetic activity of
the B-tyrosinase

Ethanol content Relative activity (%)

0% 100.0
5% 1144
10% 120.4
20% 876
30% 335
40% 4.3

200 '}

Reaction volume {ml)

L.-DOPA or Catechol (mM)

Time (h)

Fig. 6. Production of L-DOPA by using the B-tyrosinase ori-
ginated from Citrobacter freundii KCTC 2006.

Symbols are; (@), L-DOPA and (O), pyrocatechol.

Dotted line exhibits the increase of reaction volume by the
addition of substrate solutions.
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