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The enzymatic properties of novel cysteine proteases D3-¢ and g8 which were purified from
germinating soybean cotyledons were investigated. The enzyme activities were exhibited
in the presence of a thiol reagent, such as 2-mercaptoethanol, and apparently inhibited by
E-64, a cysteine protease inhibitor. Hydrolytic activities toward carbobenzoxy-Phe-Arg-
MCA were detected at a pH above 4.0. The optimum temperature for activities was about
40°C. The isoelectric point of D3-¢ and 8 was 4.4 and 4.7, respectively. The molecular mass
of D3-2 and B, measured by MALDI/TOF mass spectrometry, was 26,178 and 26,429 Da,
respectively. The substrate specificities of the enzymes were examined using peptide-MCAs
and peptides, and cathepsin L-like broad specificity was observed at pH 4.0. These results
demonstrated that these enzymes are cysteine endopeptidases [EC 3.4.22.-] like papain (EC
3.4.22.2].
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We have been searching for proteases which degrade
storage proteins and their fragments to oligopeptides or
amino acids in germinating seeds of the soybean, Glycine
max. Investigation of purified proteases, their substrate
specificities, structures, and localization in tissues with
their antibodies, could be clarify the protein degradation
gsystem in protein bodies of soybean. We have already
reported the isolation and analysis of the structure of a
group of key intermediary fragments of about 30 kDa,
termed ¢30, derived from degradation of S8-conglycinin, a
major storage protein of soybean (1). We purified ¢30 from
extracts of cotyledons of G. max (L.) Merrill cultivar
Kegon, 7 days after imbibition (d7). To search for a
protease which digests ¢30, we constructed a protease assay
with c30 as substrate. Using this assay, we discovered
cysteine proteases in extracts from d7 to d10 cotyledons of
G. max (L.) Merrill cultivar Kegon. The protease activity
in extracts appeared after day 7 in the presence of a thiol
reagent, and the total activity in cotyledons increased with
seedling growth. We could not detect these proteases
without a thiol reagent.

In this work, we purified proteases from the acidic
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extract of 10-day cotyledons by ammonium sulfate precipi-
tation and successive chromatographies on Phenyl Sephar-
ose, Mono Q, and Sephacryl S-200 HR. Using a thiol
reagent, we purified two proteases, D3-a and 8, with N-
terminal sequence homology to the cysteine protease of the
papain superfamily. These enzymes degraded not only ¢30
but also intact S-conglycinin and glycinin in vitro (Suzuki,
S., Asano, M., Kawai, M., Miwa, T., and Shibai, H.,
unpublished findings). Here, we report the enzymatic
properties of the purified D3-a and 8.

MATERIALS AND METHODS

Plant Material—Soybean seeds, G. max (L.) Merrill cv.
Kegon, were purchased from Sakata-no-Tane. The seeds
were sown on wet vermiculite (day 0), and allowed to
germinate in a phytotron maintained at 25°C under a 12-h
light/12-h dark cycle. Water was supplied once a day. On
day 10, cotyledons were dissected away from other tissues,
rinsed with distilled water, and frozen at —80°C until use.

Reagents—Polyacrylamide gel, Multigel (15/25) (T=15-
25%), was purchased from Dai-Ichi Pure Chemical. Pep-
tide-MCA substrates for proteases, neurotensin, LH-RH,
E-64, CA-074, and leupeptin, were purchased from Peptide
Institute. Glucagon, pepstatin A, AEBSF, and 3,4-DCI
were purchased from Sigma. pNA substrates were pur-
chased from Bachem. Cystatin (egg white) was purchased
from Takara. All other chemicals were of analytical grade.

Enzyme Assays—Proteolytic activity toward ¢30 (1) was
measured as follows. The enzyme was incubated with ¢30
(0.5 mg/ml final) in 50 mM sodium acetate buffer pH 4.0
(or other buffers at different pHs when necessary), contain-
ing 200 mM NaCl, 2 mM 2-ME, and 0.02% (w/v) NaN, for
15h at 30°C. The decrease in the amount of ¢30 was
monitored by SDS-PAGE with an Image Master II (Phar-
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macia Biotech). One unit of ¢30 activity is defined as the
amount of enzyme needed to digest 1 #g of ¢30 in 1 min at
30°C.

The enzyme activity toward peptide-MCA substrates
was assayed as follows. D3-a or g (375 «l) in 50 mM
sodium acetate buffer pH 4.0 (or other buffers at different
pHs when necessary), containing 200 mM NaCl and 10 mM
2-ME was pre-incubated for 3 min at 37°C in a water bath.
The reaction was started by adding 125 gl of substrate
solution, 40 uM Z-Phe-Arg-MCA in 0.2% DMSO (Z-Arg-
Arg-MCA, Arg-MCA, or Bz-Arg-MCA was used when
necessary) to enzyme solution. The mixture was incubated
for at 37°C for 3 min, and the reaction was stopped by
adding 750 u«1 of E-64 solution in sodium acetate buffer, pH
4.0. The amount of AMC released was measured with a
Hitachi spectrofluorometer F-4000 at an excitation wave-
length of 370 nm and an emission wavelength of 460 nm.
One unit of activity was defined as that releasing 1 gzmol of
AMC/min (2).

The effects of pH, temperature, and inhibitors were
examined by a modification of the methods described
above.

Purification of D3-a and S—All purification procedures
were performed at 4°C. Enzyme activities were detected by
the ¢30 assay at each fractionation and purification step.
Cotyledons (600 g) were homogenized and extracted with 3
liters of 10 mM sodium acetate buffer, 140 mM NaCl, pH
4.0. The extract was filtered through gauze and paper and
centrifuged (20,000x g, 30 min). The supernatant was
collected, filtered through two layers of filter paper (What-
man no. 2), and adjusted to pH 6.5 with NaOH. After
incubation for 18 h, the extract was centrifuged (28,000 X
g, 30 min). The supernatant (968 mg proteins) was concen-
trated about 20 times in a concentrator with a polyethersul-
fone membrane (Millipore). Proteins were precipitated by
treatment 80% saturation of ammonium sulfate for 18 h.
The precipitate was then collected by centrifugation at
20,000 X g for 30 min, and was dissolved in 50 mM potas-
sium phosphate buffer (pH 6.2, buffer A) containing 20%
saturated ammonium sulfate, and dialyzed against same
buffer. The solution was then centrifuged at 20,000 X g for
30 min. The enzymes were purified from this supernatant
by successive chromatographies on Phenyl Sepharose HP
26/10 (Pharmacia Biotech), Mono Q (Pharmacia Biotech),
and Sephacryl S-200 HR (Pharmacia Biotech). The column
of Phenyl Sepharose HP 26/10 (2.6 X 10 cm) was equili-
brated with buffer A containing 20% saturated ammonium
sulfate (0.86 M). Proteins were eluted with decreasing
ammonium sulfate concentration from 0.86 to 0 M. The
fractions containing ¢30-degrading activity were collected
and dialyzed against buffer A. The active fractions were
applied to a Mono-Q 10/10 column (1 X 10 ¢cm) equilibrated
with buffer A and eluted with increasing NaCl concentra-
tion from O to 0.32 M. The fractions containing ¢30-degrad-
ing activity were coffected, concentrated, and dialyzed
against buffer A containing 0.1 M NaCl. The solution was
then applied to a Sephacryl S-200 HR 26/60 column (2.6 X
60 cm) equilibrated with buffer A containing 0.1 M NaCl.
The active fractions were collected, concentrated, and
pooled. Purity of each enzyme was analyzed by SDS-PAGE,
determination of N-terminal sequence, and isoelectric
point.

Protein Assays—Protein concentration was measured by
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use of a Bio-rad Protein Assay Kit with bovine y globulin as
a standard.

Analysis of N-Terminal Sequences of Purified En-
zymes—The N-terminal sequences of purified D3-« and 8
were determined. The purified enzymes were each blotted
on PVDF membrane and applied to a protein sequencer
(ABI, Model 4764A).

Measurement of Isoelectric Point—The isoelectric points
of D3-a and # were measured using the Multiphor II
system (Pharmacia Biotech). About 20 g of purified D3-a
or B was loaded on an Immobiline Dry Gel strip (pH 4.0-
7.0, 18 cm, Pharmacia Biotech) and subjected to isoelectric
focusing. The Coomassie Brilliant Blue-stained gel strips
were analyzed to determine the isoelectric point.

Determination of Molecular Mass by MALDI/
TOFMS—Molecular masses of D3-a, and § were mea-
sured by MALDI/TOF mass spectrometry (KOMPACTM-
ALDI 1, SHIMADZU-KRATOS). BSA was used for
calibration.

Action on Some Oligopeptides—Substrate specificity was
studied by using neurctensin, LH-RH, and glucagon (3).
Two sets of experimental conditions were used to deter-
mine the major and minor cleavage sites of each peptide.

a) To find the major cleavage sites of peptides, each
peptide (50 nmol of neurotensin or LH-RH, or 28.7 nmol of
glucagon) was incubated with 0.02 U (defined by c30 assay)
of D3-a or D3-8 in 50 mM ammonium acetate buffer, 2
mM 2-ME, pH 4.0, at 30°C for 0-120 min. The molar ratio
of the enzyme to peptide was 1:5,000 (neurotensin or
LH-RH), or 1:2,800 (glucagon). The reaction was terminat-
ed by freezing in an ethanol bath. The enzyme was lyophi-
lized and stocked at —20°C.

b) Further digestion of peptides was investigated with
other conditions, as follows. Each peptide (50 nmol of
neurotensin or LH-RH, or 28.7 nmol of glucagon) was
incubated with 1.0 U (defined by ¢30 assay) of D3-a or
D3-£ in 50 mM ammonium acetate buffer, 2 mM 2-ME, pH
4.0, at 30°C for 20 h. Under these conditions, the molar
ratio of the enzyme to peptide was about 1:100 (neuroten-
sin or LH-RH), or 1:57 (glucagon).

Papain was also used to digest neurotensin and LH-RH
for comparison (3). Digestion was performed in 50 mM
ammonium carbonate buffer, pH 4.0, containing 10 mM
2-ME. Under conditions a, the molar ratio of papain to
peptide was about 1:500, and under conditions b, 1:20.

The cleavage sites of peptides by the enzymes were
determined by two methods, sequencing of each peptide
fractionated by HPLC, and direct analysis of the reaction
mixture by FABMS (4).

For HPLC and sequence analysis, an aliquot of the
digestion mixture was purified by reverse phase HPLC
using an Inertsil ODS-2 column (4.6 X250 mm, GL Sci-
ence). The peptides were eluted with a linear gradient of 5-
60% acetonitrile delivered at 1 ml/min for 30 min, using
Milli-Q water containing 0.085% TFA as solution A, and
acetonitrile containing 0.08% TFA as solution B. The
absorbance was monitored at 210 nm on Waters System
600E. The peak fractions were lyophilized, then sequenced
with an Applied Biosystem 476A protein sequencer sys-
tem.

For FABMS analysis, an aliquot of the digestion mixture
was lyophilized, then sequenced by FABMS. The sequence
of each fragment peptide was determined by comparison of
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its obtained molecular weight (mass unit) with the com-
puter-calculated mass unit.

RESULTS

Purification and Molecular Properties of D3-a and f—
D3-a and g were purified about 134- and 128-fold in 7.3
and 8.6% yield, respectively (0.53 mg of D3-« and 0.65 mg
of D3-8 from 600 g wet weight of cotyledons, Table I).
Figure 1 shows the chromatogram of first column, Phenyl
Sepharose. D3-a and g were separated by this first chro-
matography. Figure 2 shows the SDS-PAGE profiles of
purified D3-o and £ under reducing conditions. A single
protein band was detected on each lane. The molecular size
of the purified D3-« and S was estimated to be approxi-
mately 29,000 Da each by SDS-PAGE under both reducing
and non-reducing conditions. This indicated that each
purified D3 was composed of single polypeptide chain. The
N-terminal sequence of D3-a was DKLPESVDWRKEGA.-
VPPVKDQGGXGSXWAF, and that of D3-£ was DKLPD-
SVDWRKEGAVPPVKDQGG. The isoelectric points were
4.4 (D3-a) and 4.7 (D3-8). The molecular mass of D3-«
and £ measured by MALDI/TOFMS was 26,178 and
26,429 Da, respectively.

Effects of Protease Inhibitors on the Activity—The effects
of various protease inhibitors on the proteolytic activity of
D3 are summarized in Table I. The activity of D3-« and 8
was not detected in the absence of a thiol reagent, such as
2-ME. The activity with 2-ME was apparently inhibited by
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the cysteine protease inhibitors, E-64, leupeptin, and egg
white cystatin. The specific inhibitor of cathepsin B, CA-
074 (5), did not inhibit D3 activity. Metal chelator and
other protease inhibitors showed little or no inhibitory
effect. The profiles of inhibitory activity against D3-« and
B were almost the same.

Effects of pH and Temperature on Activity of D3-a and
Bf—D3-a and B were active around pH 4.0 using ¢30 as
substrate (Fig. 3a). When a synthetic substrate, Z-Phe-
Arg-MCA, was used, D3-a and 8 exhibited activities above
pH 4.0. D3-a showed weaker activity under basic condi-
tions (above pH 7.5) than D3-8 (Fig. 3b).

1 2 3
SDS-PAGE of the purified D3-¢ and 8. SDS-PAGE was

Fig. 2.

1.2 ——— Abs. 280nm L performed under reducing condition using PAG, gradient gel (T=16-
i —O—  Activity 25%) by the method of Laemmli. For detection of total proteins, the
1.0 (NH4)2504 (W) |10 2 gels were stained with Coomassie Brilliant Blue R-250 (Bio-Rad
= Laboratries). Lane 1, molecular size markers: rabbit muscle phospho-
0.8 0.8 g rylase B (97.4 kDa), bovine serum albumin (66 kDa), ovalbumin (45
g " > kDa), carbonic anhydrase (31 kDa), soybean trypsin inhibitor (21.5
§ 0.6 0.6 E kDa), and lysozyme (14.5 kDa); lane 2, purified D3-8; lane 3, purified
“ 0.5 ; D3-a.
< 047 04 32
0 g =
0.27 (02 °~  TABLE II. Effects of protease inhibitors on D3- and 8. The
" enzyme solution was incubated with inhibitors on ice for 30 min, and
0"0\ L o G(I)O 8{')0 \;}5\;‘0;8 then the residual activity was measured.
Elution volume (ml) Inhibitor Final concentration %ﬁ;?:tml acg;lt;
Fig. 1. Purification of protease D3 on Phenyl Sepharose HP Control 100 100
column. The partially purified sample obtained by precipitation with E-64 0.2 M 6.7 4.5
ammonium sulfate was applied to a Phenyl Sepharose HP 26/10 CA-074 0.2 uM 100 100
column. After washing the column with 50 mM potassium phosphate Leupeptin 50 pM 0.3 0.2
containing 0.02% sodium azide and 0.86 M ammonium sulfate (pH Cystatin (egg white) 1.5uM 0.3 0.3
6.2), proteins were eluted with decreasing ammonium sulfate concen- 3,4-DCIL 500 uM 62.9 66.2
tration from 0.86 to O M. C30-degrading acitivity was measured by AEBSF 500 uM 100 100
densitometric analysis. Arrows in the figure indicate the collected Pepstatin A 50 uM 100 100
fractions containing protease D3-« and 8. NaCl 26 M 37.0 33.0
TABLE 1. Purification of protease D3-z and 8.
Step Total protein (mg) Total activity (U) Specific activity (U/mg) Yield (%) Purification
Extract 968 590 0.61 100 1
a g a B a B a B a B
Phenyl Sepharose 35 13 241 93 7.0 7.4 41 16 11 12
Mono-Q 8.7 1.0 66 53 7.6 51 11 9.0 12 84
Sephacryl S-200 0563 0.65 43 51 82 78 7.3 8.6 134 128

U: One enzyme unit was defined as the amount of enzyme required to digest 1 zg of ¢30 in 1 min at 30°C.

J. Biochem.

ZT0Z ‘T Jeqo1Q uo e1idsoH uensuyd enybuey) Te /B10'seulnolpioxo-qly/:dny wouj pepeojumoq


http://jb.oxfordjournals.org/

Cysteine Proteases from Germinating Soybean Cotyledons

The effect of temperature on the activities of D3-a and 8
was examined by incubating the enzymes at various tem-
peratures at pH 4.0 with ¢30 or Z-Phe-Arg-MCA as sub-
strate (Fig. 4, a and b). D3-a and S8 were completely
inactivated at 60°C (data not shown).

Substrate Specificity of D3-a and f—Four compounds,
Z-Phe-Arg-MCA (substrate for cathepsin L and cathepsin
B), Z-Arg-Arg-MCA (substrate for cathepsin B), Arg-MCA

(a)

120

100 2

80 3'
60 K
40 KA\

11 U

2 3 4 5 6 7 8 9 10 11

—O0—D3-a
—A—D3-8|_|

Relative activity (%)

pH

Fig. 3. Effects of pH on activity measured with protein sub-
strate, c30 (a) and Z-Phe-Arg-MCA substrate (b). Activity was
measured as described under “MATERIALS AND METHODS.” The
50 mM buffers of sodium formate (pH 2.5-3.5), sodium acetate (pH
4.0-6.6), Tris-HCI (pH 6.0-9.0), and sodium carbonate (pH 9.0-12.0)

(a)
120 T 1

—O0—D3-a| ]
—N—D3-81

100 i\

80 ’/

T 1/ NN
A

40

—]
)
-

Relative activity (%)

2 NN
Sk\\\\
0 A
20 30 40 50 60 70 80

Temperature ('C)

Fig. 4. Effects of temperature on activity measured with pro-
tein substrate, ¢30 (a) and Z-Phe-Arg-MCA substrate (b). Activ-
ity was measured as described under “MATERIALS AND METH-
0ODS.” (a) D3-a or £ (25 mU, c30 activity unit, about 0.35 ug of
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(substrate for cathepsin H), and Bz-Arg-MCA (substrate
for soybean protease (6), trypsin, papain etc.), were tested
as substrates for D3. The specific activities toward Z-Phe-
Arg-MCA at pH 6 were 10.5 U/mg (D3-«) and 12.5 U/mg
(D3-8). Z-Arg-Arg-MCA was also hydrolyzed by D3-« (4.3
U/mg) and £ (6.9 U/mg) at pH6. D3-a and S did not
hydrolyze Arg-MCA (at pH4, 6, or 8). These results
indicated that the enzymes had no cathepsin H-like exopep-

(b)
120 I T
—0—D3-a
o N
> 80 T‘
HER/EEL
3 J
b 60
o
EN \
40
P /5 \
]
- \
g 20
o-—oﬁé -
2 3 4 5 6 7 8 g 10 11

pH
were used. (a) D3-a or § (25 mU, c30 activity unit, about 0.35 ug of
protein) and substrate were incubated for 18 h at 30°C in 200 ul of
buffer solution. (b} D3-a or £ (0.6 mU, ¢30 activity unit, about 7 ng
of protein) and substrate were incubated for 5 min at 37°C in 500 x1 of
buffer solution.

(b)
120 T 1 1
—O0—D3-al |
= A —nN—D3-8
s 100 'K/‘\\\
/
>
;o
-
¥ 4
g ° /;(z \\
5 ooy
o X
g 20 \
0 \ﬁ

20 30 40 50 60 70 80
Temperature (C)

protein) and substrate were incubated for 6 h at pH 4.0, in 200 u1 of
50 mM sodium acetate buffer. (b) D3-a or g (0.5 mU, ¢30 activity
unit, about 7 ng of protein) and substrate were incubated for 5 min at
pH 4.0 in 200 u] of 50 mM sodium acetate buffer.
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tidase activity. We also confirmed that the enzymes had no
exopeptidase activity toward Leu-pNA, Ala-pNA, Gly-
pNA, Glu-pNA, and Phe-pNA (data not shown).

The crude enzyme extracted from cotyledons, also
contained an endopeptidase that hydrolyzed Bz-Arg-MCA
at pH 8, which was reported by Nishikata (6). D3 did not
hydrolyze Bz-Arg-MCA at pH 4, 6, or 8. The separation of
this serine protease and D3 was confirmed by measurement
of activity toward Bz-Arg-MCA in D3 fractions.

The substrate specificities of D3 were examined by use of
neurotensin, LH-RH, and glucagon, which were previously
used to examine the substrate specificities of cathepsins L
and B. A summary of the actions of D3-2 and £ on
oligopeptides is shown in Fig. 5. Since D3-a and S gave
identical results, we concluded that D3-a and S have the
same specificity. The following results were obtained for
D3-a.

With neurotensin, two peptides, Glu*-Asn®-Lys®-Pro’-
Arg®-Arg®-Pro'°-Tyr!'-Ile!*-Leu'®* m/z 1,285.7 and Pyr!-
Leu®-Tyr® m/z 406.2 were found initially, but Asn®-Lys®-
Pro’-Arg® Arg®-Pro'®-Tyr!'-Ile!?-Leu'®* m/z 1,156.7 and
Pyr'-Leu?-Tyr*-Glu* m/z 535.2 were also detected as
minor components of the reaction mixture. By HPLC
purification, Glu*-Asn®-Lys®-Pro’-Arg®-Arg®-
Pro'®-Tyr''-Ile’?*-Leu'* and Asn®-Lys®-Pro’-Arg®-Arg®-
Pro'®-Tyr'!-lle'?-Leu'® were eluted in the same peak, and
their molecular ratio was about 5:1 (estimated by sequence
analysis with ABI 476A). Thus Tyr®-Glu* was hydrolyzed
preferentially by D3-a. Glu‘-Asn®-Lys®-Pro’-Arg® m/z
643.3 and Arg®-Pro'®-Tyr''-Ile'?-Leu'® m/z2 661.4 were also
detected after further incubation, suggesting that the

Neurotensin 1 5 10

Pyr-L-Y-E-N-K-P-R-R-P-Y-I-L
T 1

Papain 1 i

Cathepsin LD 1t 1

Cathepsin BP) Pt

D3-a/83

LH-RH 1 5 10
Pyr-H-W-S-Y-G-L-R-P-G-NHz2
D3-a/8d to

Papain t
Cathepsin LD (1 t(H

Glucagon ] 5

10 15
H-S5-Q-G-T-F-T-S-D-Y-S-K~Y-L-D-S-
D3-a/g® nH to () (IXD1
Papaln® ) () 1 (xn ot
Cathepsin LS (1) 1 ) f
Cathepsin BS

17 20 25 29
R-R-A-Q-D-F-V-Q-W-L-M-N-T
CIXTXT) (D)1 1)
Papain® Xt (1) (O TEXTXT)
Cathepsin L®) (e t
Cathepsin BY) S S S !

D3-a/8®

Fig. 5. Cleavage sites of peptides by D3 and other cysteine
proteases. The digest was analyzed as described under “MATE-
RIALS AND METHODS.” Arrows represent major cleavage sites, ',
and minor cleavage sites ( t ). The references are (a) this study, (b)
Katsunuma, N, et al. (3), and (c) Barrett, A.J. and Kirschke, H. (2).
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Arg®-Arg® bond of neurotensin is cleaved by D3-a, but the
cleavage rate is much lower than that of Tyr®-Glu*. With
papain, the major cleavage sites were Glu'-Asn® and
Arg’-Arg®. With cathepsin L, no cleavage occurred at

-Arg®.

With LH-RH, two major fragments, Pyr'-His?-Trp®-Ser*
m/z 540.3 and Tyr®-Gly®-Leu’-Arg®-Pro®-Gly'°-NH, m/z
661.5, were obtained. Pyr'-His?-Trp*-Ser*-Tyr®-Gly® m/z
760.4 and Leu’-Arg®-Pro®-Gly'°-NH, m/z 441.3 were also
detected in the reaction mixture initially as minor compo-
nents. After overnight incubation, Tyr®-Gly® (m/z 239.1)
was also detected in the hydrolysate with other peptides.
D3-a and 8 cleaved LH-RH at two sites, the Ser*-Tyr® and
Gly®-Leu’ linkages, of which the Ser*-Tyr® linkage seemed
to be the more effectively hydrolyzed. In our comparative
study, papain hydrolyzed LH-RH at only the Gly®-Leu’
linkage. On the other hand, cathepsin L cleaved the
Gly®*-Leu’ linkage mainly, and also cleaved the Ser*-Tyr®
linkage and Leu’-Arg® linkages. D3-a and 8, papain, and
cathepsin L showed similar tendency to prefer a bulky or
hydrophobic residue at the P2 site of the substrate but
slight difference in the case of LH-RH.

Peptides found by hydrolysis of glucagon were analyzed
by FABMS. Mass spectrometry especially facilitated the
analysis of this complex peptide mixture. Thr’-Ser?,
Asp'®-Ser'® and Gln*-Trp** were cleaved effectively (Fig.
5). The susceptible bond at the initial site of cleavage of
glucagon by D3 was similar to that of papain and cathepsin
L (3).

No dipeptidylcarboxypeptidase activity like that of
cathepsin B was detected (3).

DISCUSSION

The N-terminal residues of D3-« (30 residues) and £ (23
residues) were found to be homologous to those of other
cysteine proteases (7, 8). The activity profiles of D3-a and
B with respect to inhibitors, activators and synthetic
peptide-MCA substrates exhibited the characteristics of a
cysteine endopeptidase like papain [EC 3.4.22.2].

Z-Phe-Arg-MCA, a substrate of cathepsin L, was a better
substrate for D3 than Z-Arg-Arg-pNA, a substrate of
cathepsin B. The specific inhibitor of cathepsin B, CA-074
(0.2 4M), did not inhibit D3. These synthetic substrate and
specific inhibitor profiles suggested that D3-« and 8 resem-
bled cathepsin L rather than cathepsin B. The specificities
for peptides supported this speculation.

The cleavage specificities of D3-« and 8 for oligopeptides
resembled those of papain and cathepsin L, which latter
participates in cellar protein degradation (3). We studied
the difference between D3-a and £ to examine their roles
in the degradation protein. Their enzymatic properties,
molecular weight, substrate specificity, pH profile, and
temperature profile were all similar, except for pl and
specific activity under basic conditions (Table IT and Fig. 3).
Thus we deduced that D3-« and S are isozymes. The
differences in pl, 4.4 and 4.7 for D3-« and 8, respectively,
and specific activity under a basic conditions might be
caused by differences in the surface electric charge of the
enzymes.

The physiological role of isozymes D3-« and g in cotyle-
don is not clear. However, only D3-« and 8 degraded in
vitor the intermediary fragments, ¢30, derived from g-
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conglycinin degradation. Thus we speculate that D3-a and
B contribute to the degradation to oligopeptides of frag-
ments of storage proteins that have been cleaved by other
proteases, previously reported (9-11), in the germmatmg
stage of soybean seeds. The homology with oryzain a,
thought to be a major cysteine protease in the degradation
of storage protein in rice seeds, supported our speculation
(8). Many cysteine proteases and genes encoding cysteine
endopeptidases have been isolated from plants, monocoty-
ledons (12-15), and dicotyledons (16-19). In 1987, Shutov
and Vaintraub suggested the participation of proteases in
the mobilization of storage proteins during seed germina-
tion (20), and concluded that cysteine endopeptidases play
an important role at this stage. Characterization of D3-a
and S in the present study revealed that they optimally
digest protein substrates under mild acidic conditions. This
property also suggested that these cysteine endopeptidases
are involved in the protein degradation process in protein
bodies and the vacuolar system.

Detailed studies on the primary structures of D3-« and 8
and attempts to isolate cDNA clones are underway.

We wish to thank Prof. Keiko Abe (Department of Applied Biological
Chemistry, The University of Tokyo) and Prof. Soichi Arai (Depart-
ment of Nutritional Science, Tokyo University of Agriculture) for
helpful discussion on this work. We are also grateful to Prof. Mikio
Nishimura and Dr. Ikuko Nishimura (National Institute for Basic
Biology) for helpful discussion. We also thank Dr. Kazuo Hirayama,
Mr. Karzuyoshi Noguchi, Ms. Reiko Yuji (Analytical Chemistry
Laboratory, Central Research Laboratories, Ajinomoto Co., Inc.) for
discussion and mass spectrometric analysis.

REFERENCES

1. Kawai, M., Suzuki, S., Asano, M., Miwa, T., and Shibai, H.
(1997) Characterization of 30-kDa fragments derived from
B-conglycinin degradation process during germination and seed-
ling growth of soybean. Biosci. Biotech. Biochem. 81, 794-799

2. Barrett, A.J. and Kirschke, H. (1981) Cathepsin B, cathepsin H,
and cathepsin L in Methods in Enzymology Vol. 80, pp. 635-561,
Academic Press, New York

3. Katsunuma, N., Towatari, T., Kominami, E., Hashida, S., Takio,
K., and Titani, K. (1981) Rat liver thiol proteinases: cathepsin B,
cathepsin H and cathepsin L. Acta biol. med. germ. Band 40,
Seite 1419-1425

4. Akashi, 8., Hirayama. K., Seino, T., Ozawa, S., Fukuhara, K.,
Oouchi, N., Murai, A., Arai, M., Murso, S., Tanaka, K., and
Nojima, I. (1988) A determination of the positions of disulphide
bonds in Paim I, @ -amylase inhibitor from Streptomyces corchor-

Vol. 126, No. 2, 1999

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

301

ushii, using fast atom bombardment mass spectrometry. Biomed.
Environ. Mass Spectrom. 15, 541-546

. Murata, M., Miyashita, S., Yokoo, C., Tamai, M., Hanada, K.,

and Katunuma, N., (1991) Novel epoxysuccinyl peptides. FEBS
Lett. 280, 307-310

. Nighikata, M. (1984) Trypsin-like protease from soybean seeds

Purification and some properties. J. Biochem. 95, 1169-1177

. Kamphuis, I.G., Drenth, J., and Barker, E.N. (1985) Thiol pro-

teases-comparaive studies based on the high-resolution struc-
tures of papain and actinidin, and on amino acid sequence
information for cathepsin B and H, and stem bromelain. J. Mol.
Biol. 182, 317-329

. Watanabe, H., Abe, K., Emori, Y., Hosoyama, H., and Arai, S.

(1991) Molecular cloning and gibberellin-induced expression of
multiple cysteine proteinases of rice seeds (oryzains). J. Biol
Chem. 268, 16897-16902

. Qi, X., Wilson, K.A., and Tan-Wilson, A.L. (1992) Characteriza-

tion if the major protease involved in the soybean S-conglycinin
storage protein mobilization. Plant Physiol. 99, 725-733
Morita, S., Fukase, M., Yamaguchi, M., and Morita, Y. (1996)
Substrate specificity of a novel serine protease from soybean
[Glycine max (L.) Merrill]. J. Biochem. 119, 1094-1099
Akhtaruzzaman, M., Kimura, Y., and Takagi, S. (1993) Purifica-
tion and characterization of a CM-Glycinin digesting protease
from soybean seeds. Biosci. Biotech. Biochem. 57, 1119-1124
Dunaevsky, Y.E. and Belozersky, M.A. (1989) Proteolysis of the
main storage protein of buckwheat seeds at the early stage of
germination. Physiol. Plant. 75, 424-428

De Barros, E.G. and Larkins, B.A. (1990) Purification and
characterization of zein-degrading proteases from endosperm of
germinating maize seeds. Plant Physiol. 94, 297-303
DeBarros, E.G. and Larkins, B.A. (1994) Cloning of a cDNA
encoding a putative cysteine protease from germinating maize
seeds. Plant Sci. 99, 189-197

Bottari, A., Capocchi, A., Fontanini, D., and Galleschi, L. (1996)
Major proteinase hydrolyzing gliadin during wheat germination
Phytochemisiry 43, 39-44

Yamauchi, D., Akasofu, H., and Minamikawa, T. (1992) Cysteine
endopeptidase from Vigna mungo: gene structure and expres-
sion. Plant Cell Physiol. 33, 789-797

Kembhavi, A.A., Buttle, D.J., Knight, C.G., and Barrett, A.J.
(1993) The two cysteine endopeptidases of legume seeds: puri-
fication and characterization by use of specific fluometric assays.
Arch. Bioch. Biophys. 303, 208-213

Duarte, 1.C., Ricardo, C. PP , and Duque-Mafalhaes, M.C. (1993)
Peptide hydrases in ootyledoma of germinating lupin. Phytochemi-
stry 33, 35-40

Yu, W.-J. and Greenwood, J.S. (1994) Purification and charac-
terization of a cysteine proteinase involved in globulin hydrolysa-
tion in germinated Vicia faba L. J. Exp. Bot. 45, 261-268
Shutov, A.D. and Vaintraub, I.A. (1987) Degradation of storage
protein in germinating seeds. Phytochemistry 28, 1657-156566

ZT0Z ‘T Jeqo100 uo [e1idsoH uensuyd enybueyd e /61o0'seuinolpioyxo-qly/:dny wolj pepeojumoq


http://jb.oxfordjournals.org/

