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Abstract  

 

 

 

Gallic acid decarboxylase is a gallate dependent enzyme, which catalyses gallic acid to pyrogallol. Pyrogallol has a 

number of industrial applications. The enzyme produced by Enterobacter spp.isolated from a soil sample 

collected from a region in Rajasthan, India was purified using DEAE cellulose ion exchange chromatography and 

Sephadex G-50 gel filtration chromatography. Enterobacter spp. was grown in shake flask broth culture in 

presence of gallic acid as a substrate to induce gallic acid decarboxylase enzyme. Molecular weight of gallic acid 

decarboxylase was 57 kDa as determined on SDS PAGE. Enzyme was purified to a fold of 15.32 and a yield of 

14.48%. Purified gallic acid decarboxylase had maximum activity at a pH and temperature of 7.0 and 350 C 

respectively. In presence of Mg2+ but not any other metal ions, enzyme showed more activity. The decline in 

activity was observed by adding detergents. 
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Introduction 

Enzymes are among the most important products 

obtained for human needs through plants, animals 

and microbial source. Nowadays, enzymes are 

important as they find their application in every 

sector of day to day life, for example milk, pulp, 

leather pharmaceuticals etc. 

 

Tannic acid, a polyphenol is catalysed enzymatically 

by tannase to gallic acid and gallic acid 

decarboxylase further catalyzes gallic acid to py-

rogallol (Haslam et al., 1961; Brune and Schink, 

1992). Pyrogallol (1,2,3-trihydroxy benzene), has 

been exploited in a variety of industrial sector, for 

example, photography, metallurgy, garment 

industries, leather staining, dying and painting .It 

has been exploited as an reductant of  gold, silver 

and mercury salts. It is an absorbent of oxygen in its 

analysis (Yoshida et al., 1982; Kumar et al., 1999). 

Pyrogallol and several of its analogs nhibit Al-2 

(Autoinducer- 2) mediated quorum sensing in V. 

harveyi and are target potent therapeutics (Nanting 

et al., 2008). Gallic acid decarboxylase activity had 

been identified in a few species (Grant and Patel, 

1969; Yoshida et al., 1982; Yoshida and Yamada, 

1985; Gupta et al., 1986; Samain et al., 1986; 

Krumholz et al., 1987; Nakajima et al., 1992; 

Haddock and Ferry, 1993). Some bacterial species 

had been reported to have both tannase and gallic 

acid decarboxylase activity like Streptococcus 

gallolyticus (Osawa et al., 1995a), Lonepinella 

koalarum (Osawa et al., 1995b), Lactobacillus 

plantarum, L. paraplantarum, and L. pentosus (Kar 

et al., 2003) and Pantoea agglomerans (Zeida et al., 

1998). 

 

A bacterium belonging to the Enterobacter spp. had 

been isolated from soil sample collected from a 

region in Rajasthan, India (Sharma and John, 2011) 

that exhibited both tannase activity (Sharma & John 

2011) and gallic acid decarboxylase activity (Soni et 

al., 2012). The presence of GAD activity was 

confirmed by vanillin assay followed by UPLC 

method (Soni et al., 2012). Earlier reports on 

purification of gallic acid decarboxylase have been 

very few (Nakazima et al., 1992; Zeida et al., 1998). 

In this report, we describe the purification and 

characterization of gallic acid decarboxylase from 

Enterobacter spp. 

 

Materials and methods 

All chemicals were purchased from Sigma Chemical, 

USA, and Merck and were of analytical grade.  Media 

for growth and buffers were obtained from Hi-

media, Mumbai, India. DEAE cellulose was 

purchased from GE healthcare, USA and Sephadex 

G-50 was supplied by Pharmacia Fine Chemicals, 

Sweden. 

 

Microorganism and culture conditions 

Enterobacter spp. had been isolated in the 

laboratory previously (Sharma and John, 2011) and 

was used for further in this study. Bacteria were 

grown in carbon deficient medium (CDM) using 

0.2% gallic acid as a carbon source. The culture was 

maintained on gallic acid agar slants stored at 40C 

and sub cultured in regular intervals of three weeks.  

Biomass at large scale was obtained by inoculating 

5% of an overnight grown single colony in Luria 

Bertani (LB) Media to one liter LB media. The cells 

were grown at 30°C for 20 hours on a shaker. Cells 

were pelleted by centrifugation at 6,000 rpm at 4°C 

for 10 minutes. The cells were washed with 30 mM 

phosphate buffer (pH 6.5) (buffer A) with 1 mM 

dithiothreitol and 50 mM. 

 

Purification of gallic acid decarboxylase 

Gallic acid decarboxylase was purified as per the 

method given by Zeida et.al (1998) with certain 

modifications. The purification steps were performed 

at 4°C. Resting cell suspension was subjected to 

sonication in an ultrasonicator for 5 minutes with a 

pulse of 20 seconds on and 7 minutes off and 

centrifuged at 13,000 rpm for 45 minutes at 40C. The 

supernatant was used a source of crude enzyme. 

Ammonium sulphate precipitation was used to 

concentrate the crude enzyme. The fraction of 40-

60% saturation with maximum enzyme activity was 

loaded onto a DEAE-cellulose column (1.5 by 12 cm) 

equilibrated with buffer A. The elution of bound 
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proteins was done by gradient mode with increasing 

concentration of NaCl (0 to 0.5 M) at a flow rate 5 

ml/ min. The eluted fractions were checked for gallic 

acid decarboxylase activity and active fractions were 

pooled and stored at 40C. Pooled samples were 

loaded on Sephadex G-50 column (bed volume 60 

ml). The protein elution was done with buffer A with 

1 mM dithiothreitol and 50 mM Na2S2O3 and 100 

mM NaCl at a flow rate of 0.75ml/min. 

 

12 % SDS- PAGE was run to determine the molecular 

weight of purified enzyme (Laemmli et al. 1970). 

Protein concentration was determined by Bradford’s 

method (1976) with bovine serum albumin (BSA) as 

standard. 

 

Decarboxylase assay 

Gallic acid decarboxylase activity was estimated 

spectrophotometrically using vanillin assay (Swain 

and Goldstein, 1964) with certain modifications 

(Srivastava and Kar, 2007). Briefly, the reaction 

mixture containing 2.0 ml of 50 mM Acetate buffer 

pH 5.0 and purified enzyme was incubated at 300C 

for 10 min and 2.0 ml of 1% vanillin in 70% (v/v) 

sulphuric acid was used to terminate the reaction. A 

control was run where enzyme was added after the 

addition of vanillin and the absorbance at 500 nm 

was recorded after 18 min of incubation and 

pyrogallol produced was estimated.  

 

Enzyme activity was defined as the amount of 

enzyme that catalyzed the formation of 1μmol of 

pyrogallol per minute. 

 

Effect of pH and temperature on purified enzyme 

activity 

30 mM phosphate buffer with pH variations of 5.5 to 

8 was used to determine pH optima of the purified 

enzyme. To determine the optimum temperature, the 

temperature range used was from 25°C to 60°C. 

 

Effect of metal ions and additives on stability of 

purified enzyme  

Effect of metal ion such as Ca2+, Mg2+ , Mn+2, Ni+2, 

Fe+2  and Zn2+ and inhibitors namely SDS, Tween 20, 

Triton X-100 and EDTA were also studied on enzyme 

activity using 1mM of metal ions and inhibitors.  

 

Substrate specificity of gallic acid decarboxylase 

The substrate specificity of purified enzyme was 

checked by vannilin assay and pyrogallol produced 

was estimated. 1mM of each substarte was used in 

the reaction mixture. The substrates were: benzoic 

acid, anthranilic acid, protocatechuic acid, 3, 5-

dihydroxybenzoic acid, gentisic acid, and gallic acid. 

The Michaelis-Menten (Km) constant and maximum 

reaction rate (Vmax) of the purified enzyme was 

determined based on equation of Lineweaver-Burk. 

 

Results and discussion 

Purification of enzyme 

The enzyme GAD was purified from its native 

conditions. Ammonium sulphate precipitation at a 

fraction of 40-60% showed maximum enzyme 

activity. The enzyme was purified with a yield of 

14.48% and fold purification of 15.32 (Table 1) using 

various purification procedures. Gallic acid 

decarboxylase of Enterobacter sp. was eluted as a 

single peak after Sephadex G-50 gel filtration. The 

molecular mass of gallic acid decarboxylase was 

found to be 57 kDa on 12% SDS PAGE (Figure.1).  

The pH optima of the purified GAD were between 6.5 

and 7.5 and maximally active at pH 7 (Figure.2). 

Below pH 5.5 and above pH 8, the enzyme lost more 

than 80% of activity. Previously purified GAD was 

stable at pH range of 6 and 6.6 (Grant and Patel, 

1969; Yoshida et al., 1982; Nakazima et al., 1992; 

Zeida et al., 1998). The optimum pH was in 

accordance with other bacterial decarboxylase 

(Grant and Patel, 1969; Hsu et al., 1990; Liu et al., 

2007; He et al., 1995). 

 

The optimal temperature of purified GAD was 350C 

(Figure. 3). Zeida et al. (1998) reported 500C and 

Nakazima et al. (1992) 450 C as optimal temperature 

of the purified enzyme. A number of decarboxylases 

are stable upto 500 C. 

Table. 1: Purification scheme for gallic acid 

decarboxylase from Enterobacter spp. 
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Purificatio
n Steps 

Total 
Protein 

(mg) 

Total 
Activity 

(U) 

Specific 
Activity 
(U/mg) 

Purificatio
n 

Fold 

Yield 
(%) 

Crude 
Extract 

984 5215 5.3 1 100 

(NH4)2SO4 
(40-60%) 

160 3924 24.4 4.6 75 

Dialysis 43.1 1646 38.2 7.2 31.6 

DEAE 
Cellulose 

19.2 1292 67.3 12.7 24.8 

Sephadex G-
50 

9.3 755.4 81.23 15.32 14.48 

 

Table 2. Substrate specificity of gallic acid 

decarboxylase. 

Substrate(1mM) Relative activity 
(%of control) 

Gallic acid 100 

Gentisic acid 0 

3, 5-Dihydroxybenzoic acid 12 

Protocatechuic acid 59 

Anthranilic acid 0 

Benzoic acid 0 

 

 

 

Fig. 1. SDS-PAGE of purified gallic acid 

decarboxylase from Enterobacter spp. Lane 1: crude 

cell extract, Lane 2: 50 ug of protein from DEAE ion 

exchange purification step, Lane 3: 10 μg of purified 

enzyme, Lane 4: Molecular markers.  

 

 

Fig. 2. Effect of pH on purified gallic acid 

decarboxylase activity. 

 

Stability of enzyme 

In crude extract the enzyme was stable stored at 40C 

for a week. However the purified enzyme lost its 

activity to less than 50% when stored at 40C in 9 

days. But in presence of 1mM ascorbate as a 

stabilizing agent, the enzyme retained 87% of its 

activity till 10 days. Zeida et.al (1998) had reported 

that the activity of enzyme reduced to 76% even after 

addition of ascorbic acid within 3 hours. 

 

Effect of metal ions, detergents and chemical 

additives  

As shown in Figure. 4, detergents and additives 

inhibited the activity of GAD enzyme. The study 

shows that in presence of detergents like Triton X 

100 and Tween 20 and other additives the enzyme 

lost its activity. So, for maximal activity we need to 

remove detergents from the buffer and other 

chemicals used. A number of oxidants (K2CrO4, 

(NH4)2S2O8, H2O2) totally inhibits the enzyme 

activity (Zeida et al., 1998). Some other compounds 

partially inhibit enzyme activity (Zeida et al., 1998). 

Of the metals, only in presence of Mg++ the activity 

enhanced to 135% with respect to purified enzyme. 

And in presence of all other metal ions, no 

stimulation was observed. (Figure.5). In general, 

aromatic decarboxylase have no co factor  

requirement (Grant and Patel, 1969; Nakazawa and 
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Hayashi, 1978; Yoshida et al., 1982; Pujar and 

Ribbons, 1985; Samain et al., 1986; Krumholz et al., 

1987; Jones, 1992; Nakazima et al., 1992;  Haddock 

and Ferry, 1993; He and Wiegel, 1995; Santha et al., 

1995;  He and Wiegel, 1996; Santha et al., 1996). 

Zeida et al. (1998) had reported that Fe++ increased 

specific activity of the GAD enzyme in P. 

agglomerans. Also Brune and Schink (1992) report 

the requirement of Mg++ in Pelobacter acidigallici.  

We also found the same requirement of Mg++ for 

enhancing enzyme activity. In presence of Fe++ 

enzyme was only 68% active (Figure.5). 

 

Fig. 3. Effect of temperature on purified gallic acid 

decarboxylase activity 

 

Fig. 4. Effect of Metal ions on purified gallic acid 

decarboxylase activity 

 

 

Fig. 5. Effect of detergents and Additives on purified 

gallic acid decarboxylase activity 

 

Fig. 6. Vmax and Km using double reciprocal 

plot 

 

Substrate specificity and Km 

The enzyme could decarboxylate only Protocatechuic 

acid (59 %) and 3, 5-dihydroxybenzoic acid (12 %) of 

the five other benzoic acid derivatives checked for 

the substrate specificity. Protocatechuic acid and 3, 

5-dihydroxybenzoic acid had 59 % and 12% enzyme 

activity relative to control (gallic acid) (Table 2). The 

result is consistent with previous reports (Yoshida 

and Yamada, 1985. Other derivatives were not able 

to activate enzyme carryout decarboxylation of the 

substrate. Km and Vmax of the purified enzyme were 

0.934 mM and 0.167 U/ml respectively (Figure.6). 

Km was approx. same as reported earlier but Vmax was 

much lower (Zeida et al., 1998).Yoshida et al. (1982) 

had reported 3.3 mM as Km of GAD in Citrobacter 

sp. 
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Conclusions 

Based on the results and discussion, it can be 

concluded that: the enzyme was purified using DEAE 

cellulose ion exchange chromatography and 

Sephadex G-50 gel filtration. The purified enzyme 

was maximally active at pH of 7.0 and the enzyme 

was active in the pH range of 6 to 8. The molecular 

weight of purified enzyme was 57 kDa. Pyrogallol has 

a number of industrial applications, so the purified 

enzyme from locale bacteria isolate Enterobacter spp 

needs to be exploited at large scale using various 

molecular biology and engineering techniques. 
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