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An alkaline protease was found to be tightly associated with the matrix 
protein of a nuclear-polyhedrosis virus infecting Trichoplusi a n_~i. Partial 
purification of the protease was achieved by CaCl 2 precipitation of the matrix 
protein. The protease had a pH optimum of 9.5 using casein as substrate and 
behaved as a serine protease. It h[drolyzed N-benzoyl-L-tyrosine ethyl ester, 
and it was inhibited by Hg 2+ and Cu ~+. Most of the protease was separated 
from the matrix protein by polyacrylamide gel electrophoresis at pH 9.5. 

INTRODUCTION 

The potential use of nuclear-polyhedrosis viruses (NPV) 1 of the Baeulo- 

virus genus as entomopathogenic biocontrol agents for Lepidopterous insecta 

has elicited a great deal of interest. As part of a program dealing with the 

safety and identification of these potential biocontrol agents, we are charac- 

terizing the chemical and serological nature of a matrix protein of an NPV 

which attacks the cabbage looper, Trichoplusia n_~i. 

The characterization of the viral matrix protein has been greatly compli- 

cated by the presence of an endogenous protease. The cabbage looper nuclear- 

polyhedrosis virus matrix protein (NPV MP) preparation isolated by standard 

procedures (1,2) is a mixture of peptides resulting from proteolytic degrada- 

tion. The endogenous protease, which hydrolyzes the intact NPVMP subunit, 

behaves as a serine protease and is effectively inhibited by some heavy 

metals. Nondegraded NPV MP can be isolated if the protease is inhibited. 

There have been conflicting reports about the presence of proteases in 

virus matrix protein preparations (3-5). Summers (6) recently found proteases 

iAbbreviations used are: BTEE, N-benzoyl-L-tyrosine ethyl ester; DTT, 
dithiothreitol; EDTA, disodium ethylenediaminetetracetate; Km,app, apparent 
Michaelis constant; NPV, nuclear-polyhedrosis virus; NPVMP, nuclear-polyhe- 
drosis virus matrix protein; TCA, trichloroacetic acid; Tris, tris(hydroxy- 
methyl)amincmethane. 
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in several insect viral matrix protein preparations, and we have found a pro- 

tease associated with T. ni NPV liP. The presence of these proteases leads us 

to suspect that the peptide mixtures isolated by other workers (7-9) from 

insect viral matrix proteins may have been formed by proteolytic degradation 

of the matrix protein(s). This report discusses some properties of the alka- 

line protease associated with T. ni NPV MP, a method for its Snhibition, and 

preliminary studies on the purification of the protease from the matrix 

protein. 

MATERIALS AND METHODS 

Preparation and Isolation of T. ni NPV MP: The NPV (single embedded) was 

propagated in laboratory reared T. ni larvae and purified by the procedure of 

Scott et al. (i), excluding the ultrasonication step. The matrix protein was 

isolated from lyophilized NPV polyhedra by the procedure of Scott et al. (1,2). 

Protease Assay: Protease activity was determined using a modification of 

the method of Kunitz (i0). The assay was conducted in 0.2 M Na2C03, pH 9.5, at 

38°C by incubating 250 ~I of NPV MP (4 mg/ml) with 250 ~i of 1% (w/v) heat- 

denatured casein. After 13 minutes, 0.75 ~i of 5% (w/v) TCA was rapidly added, 

the tube was centrifuged, the supernatant solution was filtered through a fine 

scintered-glass filter, and the absorbanoe was read at 280 nm. A blank, con- 

taining NPV MP but no casein, was run to correct for proteolysis of the NPV MP. 

The pH profile of the protease was measured by assaying activity at pH 

7.5, 8.3 (in 0.i M Tris-HCl), and at pH 8.7, 8.9, 9.5, 10.2, 10.7, and ii.0 

(in 0.2 M NaHCO3-Na2C03). 

Protease Inhibition: 

were determined at pH 9.5. 

The effects of potential inhibitors on the protease 

A series of assay mixtures prepared as described 

above contained respectively the following reagents: i.O x 10 -2 M EDTA, 

3.0 x 10 -3 M cysteine-HCl, 1.0 x 10 -2 M DTT, 5.0 x 10 -3 M HgCI2, 4.0 x 10 -4 M 

HgCI2, 4.0 x 10 -3 M copper(ll) acetate, 0.02% lima bean trypsin inhibitor 

(type II-L, Sigma). The protease was also assayed in 1.0 M formic acid, pH 1.9. 

To measure recovery of activity after removal of the Hg 2+ inhibitor, a protease 
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solution (4 mg NPV MP/ml) containing 5.0 x 10 -3 M Hg 2+ was dialyzed against two 

1 ~ changes of 0.2 M Na2CO3, 0.01 M DTT, pH 9.5, or 0.2 M Na2CO3, 0.01 M EDTA, 

pH 9.5, for 24 hours at 4°C. 

Esterase Assay: Esterase activity was determined, at ambient temperature 

(23°C), using a modification of the method of Hummel (ii). A 300 pl sample con- 

taining 0.50-2.00mM N-benzoyl-L-tyrosine ethyl ester (BTEE) (Sigma) in 50% 

(w/w) methanol/water was placed in a i cm, 1.5 ml quartz cuvette, and 300 pl 

of NPV MP (2mg/ml) in 0.i M Tris-HCl, pH 8.3, was added at zero time. Two 

blanks were prepared; one contained 300 BI of BTEE solution + 300 ~i Tris-HCl 

buffer and the other contained 300 pl of 50% methanol/water + 300 ~i of NPV MP 

solution. The absorbance at 256 nm was read every 2-5 minutes for the first 

hour, and then at longer intervals for 19 hours. In a parallel experiment the 

esterase activity was determined in the presence of 0.068 M CaCI2, using 

NPV MP stock solutions (2 mg/ml) 0.09 M in CaCI 2. The extinction coefficient 

of N-benzoyl-L-tyrosine in 25% methanol, 0.05 M Tris-HCl, pH 8.3, was deter- 

mined by the method of Kumar and Hein (12), using ~-chymotrypsin (bovine, 

type II, Sigma) to completely hydrolyze BTEE. 

Apparent ~m Determination: To determine the apparent Michaelis constant 

for BTEE, the esterase activity was determined as described above, at sub- 

strate concentrations of 0.25, 0.375, 0.417, 0.667, and 1.0 mM BTEE. The 

initial velocities were calculated using an unweighted least squares fit to a 

plot of absorbance vs. time. The plot was linear for at least one hour at the 

lowest substrate concentration. The K was calculated using a weighted 
m,app 

least squares fit to a plot of initial velocity vs. substrate concentration (13). 

Protease Assay on Polyacrylamide Gels: Polyacrylamide gel electrophoresis 

was performed on 6% gels at pH 9.5 by the method of Davis (14). Protein bands 

were located in reference gels by staining with Coomassie brilliant blue R 

(Sigma) (15). Proteolytic activity was determined after electrophoresis of 

320 pg NPV MP. Duplicate gels were sectioned into 3 mm slices; each slice 

was pulverized in 200 pl of 0.2 M Na2CO3, pH 9.5, and assayed for proteolytie 
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activity, using 200 ~i of 1% casein, as described above. Incubation periods 

ranged from 4-18 hours. 

Proteolytic activity was also determined on polyacrylamide gels by includ- 

ing denatured, ultrasonicated hemoglobin in the gel solutions before polymeri- 

zation (16). A 320 ~g sample of NPV MP was electrophoresed, and the gels were 

incubated in 0.2 M Na2C03, pH 9.5, for 16-18 hours at 38°C. After 2-4 hours 

incubatio$ the major protease bands appeared as light areas devoid of hemo- 

globin, and after 16-18 hours incubation the minor protease bands appeared. 

Amino Acid Analysis: Amino acid analysis was performed using Durram IA 

TABLE I 

Effect of pH and Inhibitors on Protease Associated with T. ni NPV MP 

pH Addition or Per cent 
treatment remaining 

activity 

Per cent activity after 
dialyzing against pH 9.5, 
0.01 M EDTA 0.01 M DDT 

ii.0 - 30 

10.7 - 65 

10.2 - 79 

9.5 - i00 i00-ii0 

8.9 - 79 

8.7 - 70 

8.3 - 22 

7.5 - ii 

9.5 0.02% lima bean trypsin 70 
inhibitor 

9.5 4.0 x 10 -3 M Cupric acetate i0 

9.5 4.0 x 10 -4 M HgCI 2 30 

9.5 5.0 x 10 -3 M HgCI 2 0 50 

1.9 1.0 M formic acid 0 

i00 

40 
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resin and single column methodology, with the modified nlnhydrin assay of 

Rosen (18). Amino acid analyses were performed on NPVMP peptide bands sepa- 

rated by 6% polyacrylamide gel electrophoresis at pH 9.5 (14). The gels were 

stained with Coomassie blue, the peptide bands were sliced out, and the gel 

slices were prepared for amino acid analysis by the method of Spiro (17). 

Corresponding peptide bands from six or more gels were combined. 

RESULTS AND DISCUSSlON 

Protease Activity: The effects of pH and various inhibitors on the pro- 

tease associated with NPV MP are given in Table I. The protease had a pH 

optimum of 9.5 for casein hydrolysis. Hg 2+, the most effective protease 

inhibitor tested, gave complete inhibition at 5.0 x i0 -S M Hg 2+. 

Esterase Activity: The protease hydrolyzed a synthetic substrate, BTEE, 

which is a specific substrate for chymotrypsin proteases (19). The Km,ap p of 

BTEE with the protease (i mg NPV MP/ml, pH 8.3) was i.i ± 0.3 mM, whereas the 

K m of BTEE with ~-chymotrypsin is 3.9 mM (19). The apparent maximum velocity 

of the protease (i mg NPV MP/ml, pH 8.3) was 0.028 mM BTEE hydrolyzed/hour. 

The esterase assay was performed at a pH below the optimum pH due to the 

increasingly high absorbance at 256 nm of BTEE as the pH was raised. 

Partial Purification of the Protease: Selective salting-out of the NPVMP 

may be a useful method to purify the NPV MP from the protease. Over 50% of the 

total protein was precipitated by 0.09 M CaCI2, whereas the solution retained 

80% of its initial esterase activity. 

Protease Assay on Polyacrylamide Gels: The protease apparently bound very 

tiBhtly to the NPV MP, so tightly in fact that a small amount of the protease 

migrated with the main NPV MP peptide bands during polyacrylamide gel electro- 

phoresis (Fig. i). The likelihood that the proteolytic activity was an inher- 

ent property of the NPV MP may be discounted for two reasons: i) most of the 

proteolytic activity (R m 0.02-0.14 band) separated from the NPV MP peptide 

bands (Fig. i); 2) the main protease peptide band contained serine in greatest 

molar quantities (ser:asx = 1.25) whereas the NPV MP peptide bands contained 
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Figure i. Localization of the protease associated with T. ni NPV MP. 
A 320 ~g sample of NPV MP was electrophoresed on a 6% polyacrylamide 
gel at pH 9.5. A, 3 mm slices of the gel were assayed for proteolytic 
activity by incubating with casein, precipitating with TCA, then deter- 
mining the absorbance at 280 nm of the hydrolyzed casein. B, gel was 
polymerized containing denatured hemoglobin. After electrophoresis the 
gel was incubated at 38°C at pH 9.5 for 18 hours. Light areas indicate 
presence of protease. C, gel was stained with Coomassie blue. Protein 
bands appear as dark areas. 

aspartic and/or asparagine in greatest molar quantities (ser:asx = 0.48). 

The inhibition of the endogenous protease in NPVMP preparations is essen- 

tial for structural studies of the polyhedral protein. The similarity of the 

protease to chymotrypsin suggests the use of specific serine-protease inhibi- 

tors (20) instead of Hg 2+ to inhibit proteolysis. A forthcoming article will 

report on the properties of the intact NPV MP. 
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