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There have been a few reports suggesting that certain bacterial 

proteases are metalloenzymes (1,2). However, these studies are subject 

to criticism since the evidence was based on the fact that these enzymes 

are inhibited by EDTA. Since EDTA has been shown to inhibit nonmetallo- 

enzymes (3), the reports of these investigators do not conclusively show 

that these bacterial proteases are metalloenzymes. Furthermore, the 

results of the earlier workers did not demonstrate the actual prosthetic 

group of the enzyme. The object of the present communication is to show 

that a g. subtilis protease which was purified from a commercial start- 

ing material (Pacific Enzyme Laboratories, Honolulu, Hawaii) is a zinc 

enzyme. In addition, the g. subtilis protease is one of the most active 

protease ever reported. 

In order to demonstrate that the 2. subtilis protease was a zinc 

enzyme, the specific activity and zinc content were followed during the 

purification procedure of the enzyme. The results are summarized in 

Table I and clearly demonstrate a direct proportionality between the 

zinc content and specific activity of the enzyme during the purification 

prOCedWe. Spectro@Saphic and microchemical analyses of the purified 

enzyme of specific activity 13,400 disclosed that Fe, Cu, Mn, Ni, Cr, MO, 

Co, Mg, V, W and Sr were not the prosthetic group. Calcium salts were 
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TABLE1 

Proportionality of Zinc Content and Specific Activity of the Enzyme 

During Purification 

Step 
Specific Activitfl Zn Content 
units/mg protein wg/mg protein 

1. Crude 930 .109 

2. DEAF-cellulose treated enzyme 1426 .3o3 

3. 0 to 60s acetone precipitate 3077 .4g4 

4. CM-cellulose chromatography 11310 1.93 

5. Rechromatography on CM-cellulose* 12520 2.10 

*The enzyme obtained in Step 5 is at least 90s homogeneous as judged by 
electrophoresis and ultracentrifuge experiments at pH 5.5. The details 
of the purification procedure will be published elsewhere (4). 
*The protease activity was determined essentially by the casein diges- 
tion method described by Hagihsra (5). Ammonium phosphate buffer was 
replaced by Tris buffer since phosphate inhibits the enzyme. A unit of 
enzyme is defined as the pg of tyrosine liberated per ml per min at 30'. 

added to the enzyme preparation at each stage of the purification pro- 

cedure and therefore, it was detected in the purified enzyme. However, 

evidence will be shown later that Ca cannot reactivate the apoenzyme to 

any significant extent. The average zinc content for the enzyme 

(specific activity, 13,500) which was monodisperse by a number of 

physicochemical criteria contained 2.1 pg Zn per mg of enzyme. On the 

basis that there is one gram atom of zinc per mole of enzyme, a minimum 

moleculsr weight of about 31,100 is obtained. Since the sedimentation 

coefficient of the enzyme was 3.4s (uncorrected), it is very likely that 

the molecular weight of the enzyme will be in the neighborhood of 

30-40,000. 

As further evidence of the zinc-protein nature of the enzyme, 

Table II s ummsrizes the inhibition of the enzyme by a number of known 

zinc chelating agents. 
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TAEU II 

Inhibition of Enzyme by Zinc Chelating Agents 

Chelating Agent 
Cone. Required for 50% 

Inhibition (M/L) 

1. Ethylenedisminetetraacetic acid 2.2 x 10 -6 

2. 0-phenanthroline 5.0 x 10-5 

3. Dithizone 4.5 x 10 -4 

4. Sodium cyanide 1.8 x 10-~ 

5. Na-diethyldithiocsrbamate 2.5 x lO-3 

The enzyme was preincubated at 4' and pH 7.0 for 10 min 
prior to the addition of substrate. 

In order to show that zinc is essential for activity, the apoenzyme 

was prepared as follows. The enzyme (20-100 mg) was treated with 

2 x 10 -4 M FDTA for 2 min. at 4' and then passed through a mixed bed 

resin (1 x 25 cm) consisting of an equal mixture of Dowex 1 and Dowex 

50 x-8 under suction. The enzyme thus obtained was assayed for activity 

and zinc content and the results are s ummarized in Table III. It can be 

seen that both the zinc content and activity dropped in parallel. The 

apoenzyme thus produced was then treated with 1 x 10 -4 M solutions of Ca, 

Zn, Co and Mn salt solutions. Reactivation varied from 38-S+ in the 

various experiments when zinc sulfate was added and zinc ions always the 

most effective in reactivating the apoenzyme followed by Co and Mn in 

that order. Little or no reactivation occurred when Ca salts were added. 

The purified enzyme (specific activity 13,600) was 5 to 16 times 

more active than crystalline preparations of trypsin, chymotrypsin, 

Nagarse, papain and chymopapain in hydrolyzing casein. 

The g. subtilis protease was unable to hydrolyze L-leucine amide, 

a typical leucineaminopeptidase substrate (6) nor carbobenzoxy-glycyl-L- 
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!P.ABm III 

Preparation of the Apoenzyme and Reactivation by Some Metal Ions 

Treatment 
Specific 
Activity $ of Initial Zn Content 
units/mg Activity I.rg/mg Protein 

1. None 

2. After ED!FA and 
ion exchange resin 
treatment 

12,400 100 1.92 

a. Diluted with water 334 2.7 .06 

b. Diluted with MnSOq 1,435 11.6 -- 

c. Diluted with CaC12 1,230 9-9 -- 

d. Diluted with CoC12 4,240 34.2 -- 

e. Diluted with ZnSO4 6,900 55.7 -- 

3. Expt. 2e arter dialysis 7, mo 57.2 1.09 
against ZnSO4 and then 
Zn free buffer 

Details of the experimental conc?itions are described in the text. 

phenylalanine, a typical carbomeptidase substrate (7). However, it 

hydrolyzed casein and hemoglobin very rapidly (4). 

In summary, evidence is presented to show clearly that a B. subtilis 

protease is a zinc enzyme which probably contains one gram atom of zinc 

per mole of enzyme. The enzyme is extremely active and should be useful 

in protein structural studies. The demonstration that this endopepti- 

dase is a zinc enzyme makes it possible to compare the structure function 

relationships of two zinc enzymes, namely carboxypeptidase which is an 

exopeptidase (8) and the g. subtilis neutral protease which is an 

endopeptidase. 
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