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Chemical Modification of Glycerol-3-phosphate Cytidylyltransferase from Bacillus subtilis.
Young Seo Park*. Deparfment of Food and Bioengineering, College of Engineering.
Kyungwon University, Sungnam 461-701, Koreqa — Glycerol-3-phosphate cytidylyltransferase from Ba-
cillus subtilis was modified with various chemical modifiers to determine the active sites of the en-
zyme. Treatment of the enzyme with group-specific reagents diethylpyrocarbonate, N-bromosuccinimide,
or carbodiimide resulted in complete loss of enzyme activity, which shows histidine, tryptophan, and
glutamic acid or aspartic acid residues are at or near the active site. In each case, inactivation fol-
lowed pseudo first-order kinetics. Inclusion of glycerol-3-phosphate and/or CTP prevented the inac-
tivation, indicating the presence of tryptophan and glutamic acid or aspartic acid residues at the sub-
strate binding site. Analysis of kinetics of inactivation showed that the loss of enzyme activity was
due to modification of a two histidine residues, single tryptophan residue, and two glutamic acid or as-

partic acid residues.
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Table 1. Effect of chemical modifier on the GCTase activity

Chemical modifier (20 mM) Relative activity (%)

Cys modifying

lodoacetic acid 50

5,5'-Dithiobis(2-nitrobenzoic acid) 58

N-Ethylmaleimide 51

p-Chloromercuribenzoic acid 80
Lys modifying

Pyridoxal-5'-phosphate 71

Acetic anhydride 72

2.,4.6-Trinitrobenzene-1-sulfonic acid g7
His moditying

Diethyipyrocarbonate 0
Arg modifying

Phenylglyoxal 90

2,3-Butanedione 65
Trp modifying

N-Bromosuccinimide 0
Glu and Asp modifying

Carbodiimide 0
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Table 2. Protection of GCTase with substrates against reac-
tion with the modifying reagents

Reaction conditions R{%H{ammg
activity (%)
Control 100
+& mM Glycerol-3-phosphate 100
+1 mM CTP 100
Diethylpyrocarbonate (20 mM) 0
+8 mM Glycerol-3-phosphate 0
+1 mM CTP 0
+8 mM Glycerol-3-phosphate/1 mM CTP 0
N-Bromosuccinimide (0.36 mM} 0
+8 mM Glycerol-3-phosphate 91
+1 mM CTP 2
+8 mM Glycerol-3-phosphate/1 mM CTP 95
Carbodiimide (20 mM) 0
+8 mM Glycerol-3-phosphate 5
+1 mM CTP 64

+8 mM Glycerol-3-phosphate/1 mM CTP 92
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Fig. 1. The inactivation of GCTase with diethylpyrocarbonate.
A: Purified enzyme in 50 mM Tris-HClL, pH 7.5 was incubated
with 10 (@), 20 (&), 30 (O), 40 (M), and 50 (A) mM of the
reagent. Samples were removed as a function of time and the
residual enzyme activity was determined. B: Determmation of
the second-order rate constant of inactivation. C: Apparent order
of reaction with respect to reagent concentration.
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Fig. 2. The pH dependence of inactivation rate of GCTase
by diethylpyrocarbonate.

A: GCTase was incubated with 50 mM DEPC in 5¢ mM phos-
phate buffer at various pH values between 5.5 and 8.5. Pseudo
first-order rate constants were determined from the slopes of
semi logarithmic plots of time-dependent loss in enzyme activity
and plotted against pH. B: The experimentally determined pseu-
do first-order rate constants were plotted using Equation 4.
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Fig. 3. The inactivation of GCTase with N-bromosuccinimide.
A: Purified enzyme in 50 mM sodium acetate pH 5.5 was in-
cubated with 0.2 (@), 0.4 (A), 0.6 (O), 0.8 (W), and 1.0 (L)
mM of the reagent. Samples were removed as a function of time
and the residual enzyme activity was determined. B: De-
termination of the second-order rate constant of inactivation. C:
Apparent order of reaction with respect to reagent concentration.
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Fig. 4. The inactivation of GCTase with carbodiimide.

A: Purified enzyme in 50 mM Tris-HCl, pH 7.5 was incubated
with 10 (@), 20 (&), 30 (O), 40 (M), and 50 (&) mM of the
reagent. Samples were removed as a function of time and the
residual enzyme activity was determined. B: Determination of
the second-order rate constant of inactivation. C: Apparent order
of reaction with respect to reagent concentration.
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