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Summary

A new protease was isolated from an extract of leaves of Agave americana
variegata. The protease (EC 3.4.-) was purified 565-fold with a yield of 39.5%.
The 43.8 mg enzyme had a specific activity of 0.44 units/mg. According to
electrophoretic, ultracentrifugal and other physical characterizations the en-
zyme was homogeneous. The enzyme had a My of 57 000, a S, ,-value of
4.37 8, a Dy, , -value of 6.8-7.0 - 1077 cm?sec™, a Stokes radius of 3.18 nm, a
partial specific volume of 0.735 cm’g™, a frictional ratio of 1.25, a molecular
absorbancy index at 280 nm of 5.773 - 10%, an isoelectric point of 5.25 and
contained 8—10% carbohydrate. The enzyme contained no cysteine. Agave pro-
tease could hydrolyze a variety of protein substrates although it did have a re-
stricted specificity. It is not a sulphhydryl protease but seems to be an alkaline
“serine” protease with an optimum pH of 7.8—8.0. Agave protease had marked
esterolytic activity and with Cbz-Tyr-ONp had an apparent Michaelis constant
of 0.0345 - 107* M and a V of 1.24 mol substrate/mol enzyme per sec. The en-
zyme did not need metal ions for optimal activity, monovalent cations did not
influence its kinetic parameters, but it was inhibited by cobalt, pCl1HgBzO ™~ and
TosPheCH,Cl. With respect to its primary specificity, as well as its pH-depen-
dence there was a resemblance with chymotrypsin, although the rate of hydrol-
ysis of Agave protease is much lower.

Introduction

It was found that the extract of leaves of the plant Agave americana vari-
agata would hydrolyze certain proteins. This was established after an observa-

* This paper formed part of a PhD thesis submitted to the Rand Afrikaans University.
** Present address: Department of Biochemistry, University of the Orange Free State, P O Box 339,
Bloemfontein 3300 (Republic of South Africa).
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tion that the plant sap irritates human skin to a marked degree. Agave amer-
cana (Century plant) of the family Agavaceae is a large ever-green succulent
with long rigid sword-shaped leaves. Plants of this family are used for the pro-
duction of cisal fibers. It is not related to any of the other plants from which
proteases (endopeptidases) (EC 3.4.-) have been obtained, like the French bean.
wheat, sorghum, papaya or fig. The plant does not lend itself to an easy attack
from external parasites or other agents and is very hardy, occurring even in very
barren areas. An endopeptidase, one of the proteolytic enzymes detected in the
plant, was isolated and studied with respect to some of its physical and chem-
ical properties, as reported here. Whereas most endopeptidases hitherto de-
scribed from plants are acid sulphhydryl proteases [1—8], Agave protease is an
endopeptidase with no sulphhydryl group, and its enzymic properties are to
some extent similar to those of chymotrypsin, a serine protease.

Materials and Methods

The enzyme was isolated from leaves of Agave americana variegata plants
growing near Johannesburg.

All chemicals and biochemicals used were of analytical grade. For the deter-
mination of protease activity, Hammersten casein and hemoglobin (B.D.H.),
bovine serum albumin (Seravac) and glucagon (Lilly Laboratories) were used.
Other substrates used were N-benzyloxycarbonyl L-tyrosine-p-nitrophenyl ester
(B.D.H.), N-acetyl L-tyrosine ethyl ester (Seravac), a-N-benzoyl-L-arginine
amide (N.B.C.o.), a-N-benzoyl-DL-arginine-p-nitroanilide (B.D.H.), N-carbo-
benzoxyglycyl-L-3-phenylalanine (B.D.H.), N-carbobenzoxyglycyl-L-leucine
(Fluka), hippuryl-L-arginine (Sigma), alanyl-3-naphtylamide (Fluka, N.B.C.0.),
leucine-p-nitroanilide (N.B.C.0.) and lysine-p-nitroanilide (Fluka). The peptide
substrates glycylleucine, glycylglycylleucine, leucylglycylglycine (N.B.C.0.) and
leucylglycylphenylalanine (Miles-Yeda) were also used for characterization pur-
poses.

Purification procedures were carried out at 5—6°C, unless otherwise stated.
Dialysis of enzyme solutions was conducted over 16—24 h with three to four
buffer changes and either pH or conductivity of solutions were measured to en-
sure adequate dialysis. Distilled water was deionized for preparation of solu-
tions, and for other purposes. Buffers were prepared according to Gomori [9].

The protein concentration was determined by the Biuret procedure [10],
the Lowry procedure [11] or a procedure based on absorbancy measurements
[12]. In all cases bovine serum albumin was used as a standard. The first two
methods were used throughout the isolation procedure, whilst the other meth-
od was employed during characterization procedures.

The enzyme was routinely assayed by the method described by Walsh and
Wilcox [13] at 25°C. The increase in absorbance at 400 nm was followed spec-
trophotometrically and N-benzyloxycarbonyl-L-tyrosine p-nitrophenyl ester
(Cbz-Tyr-ONp) was used as substrate at a concentration of 0.005 mM in 0.03
M Tris - HCI1 buffer, pH 7.8, containing 12% (v/v) methanol.

Analytical polyacrylamide gel electrophoresis [14] was conducted at room
temperature with a Pleuger Acrylophor apparatus using 7.5% polyacrylamide
gels at pH 5.0, 7.0 and 8.6. Proteins were visualized after electrophoresis with
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either amido black staining or an affinity staining procedure using Cbz-Tyr-
ONp as affinity reagent. After electrophoresis, gels were incubated in pH 7.8
buffer containing 0.5 mM Cbz-Tyr-ONp at 30°C for 1 h, and the enzyme could
be observed as a clear yellow band [15]. Electrophoresis was also carried out
under denaturing conditions in the presence of 7 M urea, 3 M guanidinium hy-
drochloride and 1% sodium lauryl sulphate respectively.

Isoelectric focussing was done for a period of 72 h using 1% (w/v) ampholyte
concentrations over the pH ranges 3—10 and 5—8 at 5°C [16]. The pH, protein
concentration (A4,g.) and enzymic activity of the collected fractions were deter-
mined.

For gel filtration studies Sephadex G-200 was used [17,18]. The gel column
(2.5 X 90 cm) was calibrated with aldolase, yeast alcohol dehydrogenase, ribo-
nuclease, cytochrome ¢ (Boehringer); bovine serum albumin (Seravac); egg al-
bumin (B.D.H.); trypsin (Pentex); and blue dextran (Pharmacia).

For ultracentrifugation experiments, a Beckman Model E analytical ultracen-
trifuge was used. Sedimentation studies were conducted at 56 000 rev./min at
about 20°C, and diffusion studies at 9 000 rev./min at 5°C, in 12-mm path-
length standard type cells with aluminium centrepiece and sapphire windows.
Boundary formation was observed with the ultra-violet optical system at 270
nm [19—21].

Amino acid composition was determined on a Beckman Model 118 amino
acid analyzer after hydrolyzing quantities of 1.5 mg enzyme (accurately
weighed) with 6 M HCl. Corrections were made for losses and quantitative re-
coveries of specific amino acids using different hydrolysis periods and condi-
tions [22,23]. Tryptophan was determined by absorbancy methods [24,25].
Protein samples were dried under vacuum for 48 h over calcium chloride at
room temperature prior to hydrolysis.

The sulphhydryl content of the enzyme was determined with 5,5’-dithiobis-
(2-nitrobenzoic acid) (DTNB), under denaturing conditions [26] and the car-
bohydrate content of the enzyme by the anthrone method [27].

The kinetic studies were conducted with Chz-Tyr-ONp as substrate in 0.03 M
Tris - HC1 buffer, pH 8.0, containing 12% (v/v) methanol. The final assay vol-
ume was 1 ml, 0.004 mg enzyme was used, and the concentration of Cbz-Tyr-
ONp was varied from 0.002175 to 0.0435 mM at 25° C. Incubation procedures
in 0.05 M sodium-phosphate buffer, pH 7.0, were also conducted with de-
natured proteins as substrates, 0.5% casein, bovine serum albumin and hemo-
globin were used. The reactions were terminated with 5% trichloroacetic acid
(final concentration) and absorbance measurements at 280 nm or Biuret deter-
minations after neutralization served as control of the degree of hydrolysis. In
all cases, also with Cbz-Tyr-ONp as substrate, corrections were made for back-
ground reactions.

The effect of pH variation was determined over the range pH 5—10 with the
following substrates: denatured casein (45°C), Cbz-Tyr-ONp and N-acetyl-L-
tyrosine ethyl ester (NAc-Tyr-OEt) [28] (25°C). The buffers used are indicated
together with the results.

The effects of metal ions and other compounds were evaluated using the as-
say procedures mentioned. The compounds and concentration ranges tested
will be mentioned together with the results.
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The primary specificity of Agave protease was determined by incubation
procedures with 0.5% casein as substrate in 0.05 M sodium-phosphate buffer,
pH 7.8. Purified protease (0.02 mg/assay) was used during 1 h incubations at
30°C. Trichloroacetic acid (final concentration 5%, w/v) was added to the mix-
tures after incubation, and denatured proteins removed by centrifugation after
a further 30 min at 30°C. A control was similarly prepared by adding the tri-
chloroacetic acid before the 1 h incubation period. The clear supernatant fluids
were fractionated separately on a Biogel-P2 column using deionized water, and
the different peptide fractions were freeze-dried before further characteriza-
tion. Amino-terminal amino acids of these peptide fractions were determined
with dinitrofluorobenzene [29,30} and carboxyl-terminal amino acids with a
mixed carboxypeptidase assay procedure [31].

Results

Purification of enzyme

Step 1: prepration of crude extract. 3 kg of leaves were finely cut and ho-
mogenized in a meat grinder with addition of NaCl to a final concentration of
0.15 M. The suspension was stirred for 1 h and pressed through a fine nylon
cloth. Rubber gloves were worn to protect the skin. The 2000 ml plant extract
was centrifuged at 10 000 X g for 20 min and the pH of the supernatant fluid
was adjusted to pH 6.5. After dialysis of a fraction of the crude extract against
deionized water for 16 h, the protein concentration [10,11] as well as enzymic
activity were determined. This extract contained 48.7 units * protease and 65 g
protein.

Step 2: ammonium sulphate fractionation. The dialyzed extract was frac-
tionated with ammonium sulphate at pH 6.5 at a saturation level of 80% [32].
This mixture was left for 2 h and centrifuged at 12 000 X g for 30 min. The
protein precipitate was dissolved in a minimum volume of 0.01 M Tris - HC]
buffer, pH 7.2, and dialyzed against this buffer for 24 h. The dialyzed protein
solution (400 ml), contained 20.16 g protein [10,11] and 44.4 units protease.
The results of this step as well as all following steps are summarized in Table 1.

Step 3: ethanol fractionation. The dialyzed protein solution was cooled to
0°C. Fractionation was carried out in an alcohol bath at —35°C with 95%
ethanol precooled to —20°C. To the 400-ml solution, 200 m! ethanol were
added slowly with constant stirring, whilst the temperature was kept below
—8°C. This mixture was centrifuged at 5000 X g for 15 min in a precooled
rotor and centrifuge, and the supernatant solution was directly used for further
fractionation. The same procedure was used, but a volume of 400 ml ethanol
was added. After centrifugation, the protein precipitates were immediately dis-
solved in deionized water and dialyzed for 16 h against deionized water. If the
volume of dialysate was not too large, dialysis was continued against 0.02 M
Tris - HCI buffer, pH 8.0, for 16 h, or otherwise the protein solution was
freeze-dried before dialysis. This protein solution contained 1.805 g protein
[10,11] and 39.7 units protease in a volume of 95 ml.

* A unit of enzyme activity is defined as the amount of enzyme that converts 1 umol substrate to
products in 1 min.
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Fig. 1. Chromatography of Agave protease on a 2.5 X 50 cm DEAE-Sephadex column. A linear gradient,
0.02 M, pH 8.0—0.565 M, pH 7.5 was used, as indicated. The sample was obtained from step 3 and 12-ml
fractions as indicated (1<—1) were combined and used for further purification. Flow rate was 18 ml/h,
A,go is the absorbance at 280 nm and v is the protease activity, umol Cbz-Tyr-ONp hydrolyzed/min per
ml.

Step 4: chromatography on DEAE-Sephadex. A DEAE-Sephadex A-25 col-
umn (2.5 X 50 ¢cm) was prepared and equilibrated with 0.02 M Tris - HCl buf-
fer, pH 8.0. The positions of the eluted proteins and the enzyme were deter-
mined by absorbancy measurements at 280 nm and enzyme activity measure-
ments for this and all following chromatography steps. Information and results
regarding this step are depicted in Fig. 1. The fractions containing the enzyme
were combined, dialyzed against deionized water for 16 h and freeze-dried.
This fraction contained 700 mg protein [10,11] and 33.6 units protease.

Step 5: chromatography on CM-Sephadex. The protein from step 4 was dis-
solved in 0.02 M sodium-citrate buffer, pH 5.2, dialyzed for 16 h against this
buffer and centrifuged at 40 000 X g for 15 min. This fraction, containing 640
mg protein [10,11] and 30 units enzyme in a volume of 18 ml, was fraction-
ated on the column. The results are depicted in Fig. 2.

More than one protein fraction displayed protease activity. These results
were observed several times although the observed elution pattern did differ to
some extent between different procedures. The fractions containing most of
the protease were combined and contained 106 mg protein [10,11] and 23.5
units enzyme. After dialysis against deionized water for 16 h, the solution was
freeze-dried. Gel electrophoresis (pH 8.6) displayed one major protein fraction
although contaminants were still present in very low concentrations.

Step 6: chromatography on Sephadex G-200. The dry protein from step 5
was dissolved in 0.05 M sodium-phosphate buffer, pH 6.8, and dialyzed against
this buffer for 16 h. Results of this step are shown in Fig. 3. The fractions con-
taining the enzyme were combined, dialyzed against deionized water for 16 h
and freeze-dried. This sample contained 55 mg protein [11] and 20.1 units pro-
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Fig. 2. Chromatography of Agave protease on a 2.5 X 39 cm CM-Sephadex column. A linear gradient,
0.02 M, pH 5.2 — 0.02 M, pH 6.2, was used. Sample from step 4, fractions of 6 ml each were collected,
and combined as indicated (1<—1). A3g¢ is the absorbance at 280 nm, and v represents the umol Cbz-
Tyr-ONp hydrolyzed/min per ml,

tease. Analytical gel electrophoresis usually displayed only one fraction at this
stage of the purification procedure.

Step 7: gel chromatography on Sephadex G-75. The protein sample was pre-
pared as described in Step 6 and the results of this step are depicted in Fig. 4.
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Fig. 3. Chromatography of Agave protease on a 2.5 X 90 cm Sephadex G-200 column. Sample from step
5. Buffer used was 0.056 M sodium-pbosphate, pH 6.8, temperature 15—20°C, flow rate 16—19 ml/h, frac-
tions of 6 ml each were collected and combined as indicated (1+—1) for further purification. A, g is the
absorbance at 280 nm and v is the protease activity, umol Cbz-Tyr-ONp hydrolyzed/min per ml
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Fig. 4. Chromatography of Agave protease on a 2.5 X 90 ¢cm Sephadex G-75 column. Sample from step 6.
Buffer used was 0.05 M sodium-phosphate, pH 6.8, the flow rate was 16—18 ml/h, the temperature 5°C
and the 6 ml fractions collected were combined as indicated (1+—1) for further studies. A;gg is the ab-
sorbance at 280 nm and v is the protease activity, umol Cbz-Tyr-ONp hydrolyzed/min per ml.

The finally purified protease fraction contained 19.3 units enzyme and 43.8
mg protein [11]. The enzyme was purified 565-fold with a yield of 39.5%. The
specific activity of the enzyme was 0.44 units/mg.

The results of the full isolation procedure are summarized in Table I and re-
peated procedures resulted in the same overall picture. According to analytical
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Fig. 5. Isoelectric focussing of Agave protease. 1% carrier ampholyte, pH 5—8, focussing for 72 h at 5°C.
Ajgo is absorbance at 280 nm and v is the protease activity, umol Cbz-Tyx-ONp hydrolyzed/min per ml
whilst protease activity determined with the incubation procedure is indicated in arbitrary units.



902

568 00'699 o¥¥o £61 'eY 09 a3en(d g4-D Xopeydes L
A7 00°0LY <98°0 1°02 14 ZL ajEn(s 00%-O Xapeydes 9
%'8¥ 00'982 %220 -1 901 99 a1ents HOS-D X3peqdes-No g
0°69 09°'19 8%0°0 9'es 0oL ov1 ajenys ¢z-v xapeudeg-gvad v
S'18 3’87 %20°0 L68 cO8 1 g6 sreydIdard HOM 104 ‘G 1—4°0 g
016 £8'% 2%00°0 vyy 091 02 00% areydpaid YOSUYHN) %080 4
001 1 8LL000°0 L'8¥ 00S 29 000 2 108I1X2 SPAID 1
{"301g Fur/syun) (sjman) {3w)
(%) (piop) £31a1308 swAzUD utajord ()
PLX uoneolyEng oy10eds =30, e300l swnjoA uonduosaq daas

VILVOHIYIVA VNVIIHANY HAVOV WOHd AWNAZNE HSVILO¥d FHL ONINIVLEO HOJ4 FENAIAD0™d NOILVOIANNNAd FHL 40 SLINSIH
1379VL




903

gel electrophoresis and other characterization procedures, the enzyme was ob-
tained in homogenous form.

Properties of the enzyme

Electrophoretic homogeneity. Under the conditions of analytical polyacryl-
amide gel electrophoresis as used, (160 V, 5 mA/tube for 1 h) the enzyme mi-
grated as a single protein band as observed by staining with amido black or an
affinity staining procedure. The enzyme migrated about 11 mm under these
conditions and was electrophoretically homogeneous. Preparative gel electro-
phoresis (results not shown) verified these results. Electrophoresis under a vari-
ety of denaturing conditions (7 M urea, 3 M guanidinium hydrochloride, 1% so-
dium lauryl sulphate) revealed no subunit structure for the enzyme.

Isoelectric point. The isoelectric point of Agave protease was 5.25 as deter-
mined in two different 1% ampholyte gradients. A distribution pattern as ob-
tained is shown in Fig. 5.

Sedimentation coefficient. A corrected Sy, -value of 4.37 S was obtained
for Agave protease. This value is the average of determinations at concentra-
tions varying from 0.55 to 0.74 mg/ml. Buffer concentrations were varied from
0.01 M to 0.17 M during these studies and no concentration dependence was
observed.

Diffusion coefficient. The corrected diffusion coefficient of the protease as
determined on the ultracentrifuge was 6.8 - 1077—7.0 - 107cm?s™. The value as
determined by gel filtration studies according to the procedure of Andrews
[18] was 6.6 - 107cm?s™. The standards used were as indicated previously.

Other physical constants. By using the data obtained during gel filtration

Fig. 6. Gel filtration studies with Sephadex G-200. Determination of the diffusion coefficient and the
Stokes radius of the enzyme. Standards used are as indicated in Fig. 7.
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studies [18], various physical constants were determined, as shown in Fig. 6.
The enzyme had a Stokes radius {(molecular size) of 3.18 nm and a frictional
ratio, f/f, of 1.25. This last value indicated that the protease is a globular pro-
tein. The partial specific volume of the enzyme as determined from the amino
acid composition [33] was 0.735 ml/g.

Molecular weight. By using the data concerning sedimentation and diffusion
coefficients, and partial specific volume, the molecular weight of the enzyme
was calculated to be 57 000. With gel filtration studies a value of 55 000 was
found, as shown in Fig. 7.

Amino acid composition. The amino acid composition of the enzyme is indi-
cated in Table II. The enzyme contains no cysteine, an observation also sub-
stantiated by repeated determinations of free sulphhydryl groups with Ellman’s
reagent under denaturing conditions.

Other chemical properties. Agave protease contained 8—10% carbohydrates
on a weight basis as determined by the anthrone method. The carbohydrate
fraction was not characterized further. Reaction of the enzyme with Ellman’s
reagent under various conditions indicated no free sulphhydryl groups, which is
in accordance with the amino acid composition results.

Absorbance properties of the protease. The absorbance spectrum of the en-
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Fig. 7. Gel filtration studies with Sephadex G-200. Determination of the molecular weight of Agave pro-
tease. Standards used: 1, cytochrome c; 2, ribonuclease; 3, a~chymotrypsin; 4, egg albumin: b, bovine se-
rum albumin; 6, aldolase; and 7, yeast alcohol dehydrogenase. Conditions were as indicated in the text.
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TABLE 11
AMINO ACID COMPOSITION OF AGAVE PROTEASE

Amino acid Calculated number of Number of amino acid Number of amino acid
residues/mol protein residues/mol protein residues/100 residues
(Values rounded off)

Lysine 22.00 22 5.44
Histidine 7.33 T 1.81
Arginine 8.66 9 2.14
Aspartic acid 45.33 45 11.22
Threonine 26.67 27 6.60
Serine 30.66 31 7.59
Glutamic acid 33.33 33 8.25
Proline 22.67 23 5.61
Glycine 36.67 37 9.07
Alanine 36.67 37 9.07
Va cystine (4] 0 0

Valine 32.67 33 8.08
Methionine 4.00 4 0.99
Isoleucine 20.67 21 5.12
Leucine 34.67 35 8.58
Thyrosine 17.33 17 4.29
Phenylalanine 18.00 18 4.45
Tryptophan 6.80 7 1.68
Total 404.13 406 99.99

zyme in the ultraviolet region displayed a maximum value at 287 nm and a
very slight shoulder at 292 nm. The enzyme had a molar absorbance index of
5.773 - 10* at 280 nm and a E}%,-value of 9.621 at 280 nm, as based on accu-
rately weighed vacuum-dried samples purified to a constant specific activity.

The physical and other properties of Agave protease are summarized in Table
I1I.

General Rinetic properties. Agave protease could hydrolyze a variety of pro-
tein substrates. The highest degree of hydrolysis was obtained with casein. The
degree of hydrolysis of casein, hemoglobin and bovine serum albumin under
identical conditions gave a ratio of 1 : 0.73 : 0.58 as based on the number of

TABLE 111
PHYSICAL CONSTANTS OF AGAVE PROTEASE

Physical constant Agave protease

820,w (s13) 4.37

Dao,w (em?2 s71) 6.8-1077—7.0-1077
MR (daltons) 5.7 - 104

Stokes radius (nm) 3.18

fifo 1.25

v (ml/g) 0.735

Elg{’m 9.621

Molar absorbance index at 280 nm 5.773 - 10%
Carbohydrate content (%) 8—-10

Isoelectric point 5.25
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peptide bonds broken with the different substrates. By determining the amount
of peptides or amino acids in solution with the Biuret method, after neutraliza-
tion, it was observed that 3.84 mg casein were hydrolyzed per mg enzyme over
a period of 30 min at 45°C.

The results of the kinetic studies with Cbz-Tyr-ONp as substrate are shown
in Fig. 8. The apparent Michaelis constant of the enzyme for the substrate was
0.0345-10% M and the V-value was 1.14 umol substrate converted to prod-
ucts/min per mg enzyme, in other words, 1.24 mol substrate/mol enzyme per s.
Lines were fitted to experimental data by the least squares method, and the re-
sults of repeated experiments were taken into account.

Effect of pH variation. The effect of pH variation on Agave protease activity
using denatured casein as substrate, is shown in Fig. 9A. The activity of the en-
zyme is expressed as the increase in absorbance at 280 nm of the centrifuged
trichloroacetic acid solution after an incubation period of 60 min at 45°C. The
optimum pH for proteolysis was about pH 8.

The effect of pH variation, using the substrates Ac-Tyr-OEt and Cbz-Tyr-
ONp, is shown in Figs. 9A and 9B. In both cases the optimum pH was between
7.8 and 8.0.

Agave protease was characterized further by conducting kinetic studies at
different pH values [34]. By plotting log v and log V against pH, the apparent
dissociation constants of the groups on the enzyme taking part in the catalytic
process could be calculated, as these values moved through a maximum. These
values were pK, = 8.2 and pK, >~ 7.4. It was also found that pK, = pK, and
pK, = pKy. The values of these constant as determined using Ac-Tyr-OEt as
substrate, were similar to these reported here. These reported values are very
similar to the values reported for chymotrypsin [35]. The apparent Michaelis
constant of the enzyme was not influenced by variations of pH. According to

80
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Fig. 8. Kinetic properties of Aggve protease. Determination of the kinetic constants with Cbz-Tyr-ONp
as substrate in 0.03 M Tris - HC] buffer, pH 7.8, coritaining 12% (v/v) methanol.
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Fig. 9. Effect of pH variation on Agave protease. In A the optimum pH with denatured casein and Ac-
Tyr-OEt as substrates are given, whilst in B the optimum pH with Cbz-Tyr-ONp as substrate, using dif-
ferent buffers is indicated. Conditions were as described in the text. v, protease activity, umol substrate
hydrolyzed/min per ml, except for casein where v is the increase in absorbance at 280 nm after 60 min
at 45°C.

these results, this enzyme falls within group 4 as sub-divided by Laidler (34],
i.e. both an acidic and a basic group on the enzyme take part in the catalysis,
but the stubstrate as such does not bind to either of these groups.

Effects of metal ions and other compounds. Using denatured proteins as sub-
strates the effects of a variety of compounds were determined. Only HgCl,
(0.01 M, 84% inhibition) and CuSO, (0.02 M, 42% inhibition) inhibited the
enzyme. EDTA (up to 0.03 M) had no effect on the enzyme, nor did NaCl or
KCl, up to a concentration of 0.05 M.

Similar studies were conducted using Cbz-Tyr-ONp as substrate. These re-
sults are summarized in Fig. 10. The monovalent cations Na*and K*had no ap-
preciable effect on the catalytic activity of the enzyme, and kinetic studies in
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Fig. 10. Effects of metal ions, EDTA and the other indicated compounds on Agave protease. v, pro-
tease activity, in umol Cbz-Tyr-ONp hydrolyzed/min per mg protein,

buffers of varying ionic strength also suggested that the catalytic constants are
not affected by an increase in ionic strength.

It was found that Agave protease was inhibited by TosPheCH,Cl. At a con-
centration of 0.2 mM the enzyme was inhibited 12.5%, whilst 50% inhibition
was observed at a concentration of 0.5 mM TosPheCH,Cl. This inhibition by
TosPheCH,Cl could have been mediated via either an effect upon serine or via
the alkylation of a histidine residue. In this respect Agave protease resembles
the serine proteases.

Specificity studies. These studies were carried out as described earlier. The
determination of amino terminal end groups [29,30] had no conclusive results.
There were no significant differences between the control and the incubation
mixtures. Although the formed amino terminal groups did differ to some ex-
tent, there was no specific pattern in the appearance of newly formed amino-
terminal amino acids. There were however clear differences in the carboxyl ter-
minal amino acids [31] of the peptide residues present in the two different
samples, in other words, the enzyme hydrolyzed the substrate at specific points
as dictated by the amino acid supplying the carbonyl group of the peptide
bond. These results were obtained several times under varying conditions. Re-
peated experiments were conducted to ensure that these amino acids could be
identified to a high degree of accuracy. Amino acids found present at the car-
boxyl end of peptide residues, formed in large amounts during incubation, were
tyrosine, pehnylalanine, leucine and/or isoleucine. All the generally occurring
amino acids were used as references.

These results were also substantiated by results of studies with synthetic sub-
strates. The substrates Cbz-Tyr-ONp and Ac-Tyr-OEt were both good substrates
for the enzyme, whilst derivatives of arginine, Bz-Arg-OEt, Bz-Arg-NH,, and Bz-
Arg-NAn, could not be utilized by Agave protease. The dipeptide derivatives,
Cbz-glycylphenylalanine, Cbz-glyccylleucine and hippuryl-arginine were not hy-
drolyzed by the enzyme. Agave protease displayed no aminopeptidase, car-
boxypeptidase or dipeptidase activities as determined with substrates under
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suitable conditions for the determination of these and other mentioned activi-
ties [37]. In all these studies, substrate concentrations were varied in the con-
centration ranges suitable for Agave protease.

Discussion

The protease isolated from Agave americana variegata differed from most
other proteases obtained from plants.

Although more than one active enzyme fraction were observed at certain
stages, isolation of the enzyme did not prove to be too difficult. The presence
of other proteolytic enzymes in the plant extract obliged us to carry out quite
a number of fractionating procedures. The isolation procedure was repeated
several times to obtain adequate quantities of the enzyme for the different
studies. The enzyme was relatively stable and could be stored for considerable
periods of time in dry form in the cold.

The protease was obtained in homogenous form according to purification to
a constant specific activity, as well as other homogeneity determinations. The
enzyme was homogenous with respect to gel electrophoresis, isoelectric focus-
sing, gel filtration and ultracentrifugal analysis. All the physical constants of
the enzyme, as well as other physical properties, were determined by repeated
experiments and the average values of these different studies are indicated in
Tables I and III.

However, a certain fraction of Agave protease, obtained after chromatog-
raphy on CM-Sephadex, did display homogeneity with respect to molecular
size, although this fraction was not electrophoretically pure. This phenomenon
was not investigated further, as this fraction was not the one routinely used for
further purification.

According to observations with the different protein substrates as well as the
different synthetic substrates, Agave protease had a limited specificity. The en-
zyme displayed a marked esterolytic activity as indicated by the fact that Cbz-
Tyr-ONp and Ac-Tyr-OEt were good substrates for the enzyme.

The optimum pH of the enzyme was always within the range pH 7.8—8.0,
when using protein substrates or other suitable amino acid derivatives, and even
using different buffers of varying ionic strengths. Kinetic studies at different
pH values indicated a similarity between Agave protease and chymotrypsin.
Considering the optimum pH of this protease, as well as the fact that EDTA did
not influence the activity of the enzyme, Agave protease should be classified as
an alkaline protease [36]. The enzyme thus differs from the plant proteases
generally known, which are all sulphhydryl proteases, and also from chymo-
trypsin, an enzyme which is optimally active in the presence of metal ions,
although the well-known inhibitor of serine proteases, TosPheCH,Cl did inhibit
the Agave enzyme. Agave protease resembles the alkaline proteases from micro-
organisms and chymotrypsin, but seems to be a rather primitive form of pro-
tease, not needing any specific cofactors; furthermore, it has a rather slow con-
version rate with the substrates tested.

Agave protease seems to catalyze preferably the hydrolysis of peptide bonds
adjacent to firstly, the aromatic amino acids and secondly, the branched
aliphatic amino acids. The peptide bonds formed by the carbonyl groups of
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these amino acids were hydrolyzed. Small substrates like dipeptides and other
amino acid derivatives were not hydrolyzed by Agave protease. This can be due
to the presence of charged groups on these molecules that interfere with the
catalytic process of the enzyme. Although indications of the primary speci-
ficity of Agave protease were obtained, a full description of this enzyme’s prop-
erties will only be possible after detailed studies with a large number of pep-
tides and proteins of which the primary structures are known.

Agave protease, an alkaline protease, from Agave americana variegata dis-
played unique properties for a plant enzyme. It differs markedly from the
sulphhydryl proteases, with some properties similar to those of proteases from
micro-organisms and some similar to those of chymotrypsin. The slow rate of
protein hydrolysis suggests that the function of the enzyme in the plant is
coupled to normal anabolism-catabolism rather than to a defence function.
Considering the specificity of the enzyme as well as its stability towards organic
solvents, it is most probably the agent irritating human skin.
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