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Abstract — For the production of pyrogallol from gallic acid, about 100 strains of bacteria capable
of assimilating gallic acid as a sole carbon and energy source were isolated from the soil. JH-
004 strain showing the highest activity of gallate decarboxylase was selected from them and identi-
fied as Erwinia sp. The optimal conditions for the production of pyrogallol from gallic acid were
examined. The resting cells of JH-004 cultured in a complex medium containing 0.2%(w/v) gallic
acid were prepared after the treatment of the pellet with a freezing and thawing, and used as
a enzyme source. The reaction mixtures for the maximal production of pyrogallol were shown
to be 6 g/l of resting cells and 15 g/l of gallic acid in 25 mM potassium phosphate buffer. The
optimal pH for the reaction was 5.0 and the optimal temperature was 35C. Additionally, Triton
X-100(0.01%, w/v) was found to be most effective for the production of pyrogallol. Under the
above conditions, 10.27 g/l of pyrogallol was produced from 15 g/l of gallic acid after incubation
of 35 hrs. This amount of pyrogallol corresponds to a 92.37% vyields, based on gallic acid.
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Table 1. Comparison of growth and specific activity
of gallate decarboxylase of isolated microorganisms

Specific activity

Strain Growth of gallate
(O.D., 610 nm) decarboxylase

(U/mg)
JH 002 3.03 0.673
JH 004 3.64 1.009
JH 013 2.50 0.205
JH 025 3.50 0.702
JH 026 3.17 0.201
JH 044 2.25 0.085
JH 062 2.80 0.505
JH 095 2.37 0.182

*Cultivations were carried out at 28C for 24 hrs in
the medium containing 3 g/l gallic acid, 3 g/l Na;HPO,,
3 g/l KH,PO,, 1 g/f NH,Cl, 0.5 g/l NaCl, 0.011 g/l CaCl,
and 0.05 g/l MgSO,-7TH.0.
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Table 2. Physiological and biochemical characteristics
of the isolated strain JH-004

Charactenistics JH-004

Morphological characteristics
Motility +
Shape rod
Gram test —

Assimilation of carbon compounds
D-glucose +
D-mannose +
D-gluconate —
L-arabinose
D-fructose
L-sorbose
D-xylose
maltose
D-melizitose
L-rhamnose
lactose
SUCTOSe
succinate
citrate
D-gluconate
acetate

+

+ + + |

|

+ o4+

Physiclogical characteristics

Oxidase —

Catalase +

Oxygen requirement facultative anaerobe
Q/F test fermentative
Reduction of nitrates to nitrites +

Methyl red test —

Starch hydrolysis —

Gelatin hydrolysis —

*Symbols: -+, positive; —, negative
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Fig. 1. Growth curve of Erwinia sp. JH-004 and change
in gallate decarboxylase activity.

Cultivation of Erwinia sp. JH-004 was carried out at
28C in the medium containing 2 g/l gallic acid, 5 g//
peptone, 5 g/l meat extract, 2 g/l NaCl, and 5 g/l yeast
extract.
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Table 3. Effect of cell treatment on pyrogallol produc-
tion

Cell treatment Pyrogatlol (g/l)

Whole cell .36
Frozen cell 0.48
5% Xylene 0
5% Toluene 0
5% Acetone Q.12
5% Benzene 0

*Reaction was carried out at 28C for 6 hrs in reaction
mixture containing 4 g/l cell concentration, 5 g/l gallic
acid, 1 mM ascorbic acid, and 50 mM potassium phos-
phate buffer (pH 5.0).
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Fig. 2. Effect of cell concentration on pyrogallol produ-
ction with resting cells.

Reaction was carried out at 28C for 6 hrs in reaction
mixture containing 5 g/l gallic acid, 1 mM ascorbic
acid, and 50 mM potassium phosphate buffer (pH 5.0).
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Fig. 3. Effect of gallic acid concentration on pyrogallol
production with resting cells.

Reaction was carried out at 28C for 6 hrs in reaction
mixture containing 6 g// (wet weight) cell concentra-
tion, 1 mM ascorbic acid, and 50 mM potassium phos-

phate buffer (pH 5.0).
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Fig. 4. Effect of initial pH on pyrogallol preduction

with resting cells.

Reaction was carried out at 28C for 6 hrs in reaction

mixture contaimning 6 g/l (wet weight) cell concentra-

tion, 15 g/l gallic acid, 1 mM ascorbic acid, and 50
mM potassium phosphate buffer.
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Fig. 5. Effect of buffer concentration on pyrogallo! pro-
duction with resting cells.

Reaction was carried out at 28C for 6 hrs in reaction
mixture containing 6 g/l (wet weight) cell concentra-
tion, 15 g/l gallic acid, 1 mM ascorbic acid, and the
reaction buffer was potassium phosphate buffer (pH
5.00.
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Fig. 6. Effect of reaction temperature on pyrogallol
production with resting cells.

Reaction was carried out for 6 hrs in reaction mixture
containing 6 g/l (wet weight) cell concentration, 15 g/
gallic acid, 1 mM ascorbic acid, and 25 mM potassium
phosphate buffer (pH 5.0).

Table 4. Effect of various surfactants on pyrogallol pro-
duction with resting cells

Surfactant Concezggatlgn Pym(gggllol
None 1.76
Tween 40 0.1 1.90

0.01 2.20
Tween 60 0.1 1.18
0.01 2.05
Tween 80 0.1 2.10
0.01 2.13
Triton X-100 0.1 1.93
0.01 2.75
CTABY 0.1 0.06
0.01 0.04
CPC? 0.1 0.22
0.01 0.50

*DCTAB; Cetyltrimethyl ammonium bromide, *CPC;
Cetyl pyridium chloride

*Reaction was carried out at 35C for 6 hrs in reaction
mixture containing 6 g/l cell concentration, 15 g/f gallic
acid, 1 mM ascorbic acid, and 25 mM potassium phos-

phate buffer (pH 5.0).
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Fig. 7. Time course of pyrogallol production with res-
ting cells.

Reaction was carried out at 35C in reaction mixture
containing 6 g/l (wet weight) cell concentration, 15 g/
gallic acid, 1 mM ascorbic acid, 0.01%(w/v) Triton
X-100, and 25 mM potassium phosphate buffer (pH
5.0). Arrows indicate the additions of 4 N HCL.
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