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Bioconversion of D,L-ATC to L-cysteine Using Whole Cells
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Abstract —

In the conversion of D,L-2-amino-A?-thiazoline-4-carboxylic acid(D,L-ATC) to L-cysteine

using Pseudomonas sp. CU6, the effects of surfactants on whole cells and the stabilities of cell-
free enzyme solution and continuous reactor packed with immobilized whole cells were investiga-
ted. The enzymatic reaction was little accomplished by whole cells without adding surfactants,
whereas it was well carried out with SDS or Triton X-100 comparable to the case using cell-free
enzyme solution. Enzyme activity of the cell-free solution was lost by 50% after 7 hours of storage
at 30C, but not at all under an anaerobic condition by sparging nitrogen gas. On the other hand,
effect of nitrogen gas did not appear in a continuous reactor using immobilized whole cells, and
hydroxylamine, an inhibitor of L-cysteine desulfhydrase, lowered the enzyme stability.
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Table 1. Effect of various surfactants on the conversion
of D,L-ATC to L-cysteine using whole cells

Treatment surfactant L-cysteine formed

(0.5%, w/v) (relative activity, %)
None 5.3
Sonication 100.0
Tween 20 7.3
Tween 40 75
Tween 80 7.3
SDS 95.2
PEG 4000 6.7
Triton X-100 113.2
Sodium deoxycholate 20.6

*SDS=sodium dodecyl sulfate, PEG= polyethylene gl-
ycol

**One hundred in relative activity corresponds to 15.1
mM L-cysteine formed.
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Fig. 1. Effect of Triten X-100 concentration on the
conversion of D,L-ATC to L-cysteine using whole ceils.
®: Triton X-100 dissolved in toluene.

A: Triton X-100 dissolved in water,

m: SDS.

**One hundred in relative activity corresponds to 15.0
mM L-cysteine formed.
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Fig. 2. Storage stability of L-cysteine-forming enzymes
in surfactant solution.

®: The enzyme solution was kept for specified hours
at 4C and treated with 0.1% (w/v) Triton dissolved
in toluene,

a: The enzyme solution was treated with 0.1% Triton
dissolved in toluene and kept for specified hours at
4T,

B: The enzyme solution was treated with 0.05% SDS
and kept for specified hours at 4C.

**One hundred in relative activity corresponds to 15.0
mM L-cysteine formed.
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Fig. 3. Storage stability of L-cysteine-forming enzymes
activities of whole cells in surfactant solution.

®: Cell suspension was kept for specified hours at
4T and treated with 0.1% Triton dissolved in toluene.
A: Cell suspension was treated with 0.1% Triton and
kept for specified hours at 4C.

®: Cell suspension was treated with 0.05% SDS and
kept for specified hours at 4C.

**One hundred in relative activity corresponds to 15.0
mM L-cysteine formed.

Table 2. Effect of oxygen on the stability of the L-cys-
teine-forming enzyme

Gas Treatment  L-cysteine formed
time (hr) (remaining activity, %)

Air 0 100
Air 7 27
Nitrogen 0 121
Nitrogen 7 118
Nitrogen+DTT* 7 139

*5 mM D,L-dithiothreitol (DTT) was added to the reac-
tion mixture in final concentration.

**One hundred in remaining activity corresponds to
14.2 mM L-cysteine formed.
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Fig. 4. Effect of various atmospheres on the continuous
production of L-cysteine using immobilized cells at a
dilution rate of 0.4 hr.

®: unaerated, A: air sparging, M. nitrogen sparging
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Fig. 5. Effect of hydroxylamine concentration as an
inhibitor for L-cysteine decomposition using immobili-
zed cells.

®: 50 mM hydroxylamine added.

A: 150 mM hydroxylamine added.

Wm: 300 mM hydroxylamine added.

**One hundred in relative activity corresponds to 15.0
mM L-cysteine formed.
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Fig. 6. Effect of hydroxylamine on the continuous pro-
duction of L-cysteine in an immobilized whole cells rea-
ctor at a dilution rate of 0.4 hr'.

®: L-cysteine formed without hydroxylamine.

A: L-cysteine formed with hydroxylamine,
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