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Abstract—The highly specific proteolytic breakdown observed upon prolonged treatment of pea legumin and pea and
jack bean vicilin with a thiol endopeptidase purified from mature lupin seeds has been studied 1n detail Proteolytx
cleavage occurred in the acidic subunits of pes legumin, whereas the basic subunits were unaffected. Jack bean vicilin
(M, 47 K) was cleaved near the middie of the polypeptide chain, whereas pea vicilin (M, 50 K) was cleaved 1nto two
fragments of M, 30 K and 20 K. respectively. The 30 K M, polypeptide chain contained covalently linked carbohydrate
and had an N-terminal sequence suggesting that cleavage had taken place between the a and § region of the viciin SOK
M, polypeptide as previously descnbed in vico. These results suggested that the cleavage specifiaty of lupin
endopeptidase was in the proximity of paired argirune amuno acid residues.

The changes 1n the viahin polypeptides due to proteolytic cleavage by lupin enzyme and those occurring during
germunation of pea seeds are also reported and discussed.

INTRODUCTION

Several proteolytic enzymes act on legume storage pro-
teins during seed development and germination [1]. In the
latter event the breakdown of storage proteins i1s massive
and a number of proteolytic enzymes with broad speci-
ficity 1s involved (2, 3]). In contrast only a limited pro-
teolysss of storage proteins has been observed during seed
development whxh may occur both co- and post-
translationally [4-7]. except for the removal of the signal
peptide in the precursor protein molecules, the physiolog-
ical role of proteolysis 18 unknown. Although several
endo- and cxopeptidases have been detected and purified
in germinating legume seeds [8-10]. hntle information 1s
available on the proteinases which act dunng seed de-
velopment. The difficulties of punfying these enzymes and
of assaying their acuivities have prevented an accurate
desctiption of their properties and molecular charac-
tenistics. For ¢xample a protease which was partally
purified from pea seeds failed to degrade proteins in virro
[11]. Recently a proteinase from mature lupin seeds has
been partually punfied and charactenzed [12,13). ltis a
thiol endopeptidase of M, around 60 K with an acidic
1soelectric point, a neutral pH optimum and a specifiaty
for lupin storage proteins: it was not active on various
animal proteins [12]. In the present work this lupin
protease has becn used to proteolytxally cleave some
storage proteins from pea and jack bean seeds in vitro.

RESLLTS

Mature pea seed legumin, which 1s essentially formed
by a group of acedic subunits of M, around 40 K linked by

*To whom correspondence should be addressed.
Abbreviation BAPA. benzoylargnine-p-mitroande.

disulphide bridges 10 basik subunits of M, around 20K
[7). underwent proteolytic cleavage upon prolonged
incubation 1n the presence of lupin endopeptidase (Fig. 1).
Cleavage of the acxdx subumits was complete after 66 hr
and no hydrolysis of legumin was observed in the absence
of the endopeptidase (data not shown) Baskc subumts
were not affected by the enzyme (Fig 1) After 48 hr two
minor bands (C and E)increased following the disappear-
ance of bands indicated as A, Band D in Fig. 1, and a
number of minor polypeptide fragments were formed. All
these polypeptides were further degraded within the next
12 hr leading 1o three major bands of M, 31 K, 30K, and
29 K, respectively. A minor band of about 25K M,
already present in the unreacted kegumin and identified as
a ‘small legumin’ acidic subunit [14], was unaffected by
the enzyme. Jack bean vialin (M, 47 K} was cleaved near
the middle of the polypeptide chain producing fragments
which had M, about 25K (Fig. 2B) No proteolytic
degradation was observed 1n the protein incubated in the
absence of lupin endopeptidase {Fig 2A) The SOK and
47 K polypeptides of pea vicihn were cleaved into two
fragments of M, 30 K and 20 K, respectively. after 48 hr
incubation with  lupin  endopeptidase  (Fig 3A)
Proteolytic processing was complete in 72 hr. No autoly-
sis was observed to take place over a simular time penod
(Fig 3B). The 30K M, fragment contained covalently
linked carbohydrate (data not shown) N-Terminal amino
acid analysis of the 30 K M, fragment separated by gel
permeation chromatography under denaturing con-
ditions gave the following amuno acd sequence:
Asp-Arg-Arg-Glu Gin, which corresponds to the N-
terminal sequence of the § +y fragment of the viahn
polypeptide (Fig. 4).

SDS-PAGE patterns of mature vicihin, of vicilin from
germinating pea seceds and of SOK M, and 47K M,
polypepudes with and without treatment with lupin
endopeptidase are shown in Fig 5.
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o 48 66 hrs
Fig | SDS-PAGE analysis 1n the presence of 2-mercapto-
cthanol of pea legumin incubated with lupin endopepisdase
Legumin (1 mg ml ') was incubated with lupin enzyme (or the
ume indicated Details of the incubation are gpven in the
Expenmental section The following apparent M.s were de-
terminod by companson with standard proteains (e
Expenmentalr A ‘big’ 2 subunits, 42 39 K. B main 3 subunit,
38SK. C. D. £ minor z subunits, 37K, 365K and 36 K.
respectively, F. G. H. major breakdown products, 31 S K, 09 K
and 29 8 K respectively. | “small’a subunit, 25 3K, L S subunits,

Although some of the polypeptides produced by the
action of lupin protease on vicilin from immature pea
sceds were amilar to thosc present 1n mature vicihin, the
lupin protease did not produce the same overall band
pattern. Further, the degradation pattern after in vitro
incubation with lupin enzyme was similar but not 1dent-
xal to that observed during germination of pea seeds
when lower M, polypeptides become quantitatively more
important

DISCLSSION

The fupin endopeptidase used in the present paper 1s
present 1n developing and mature lupin seeds. It 1s active
on vicihin- and legumin-like proteins of lupin seed [13]
but does not affect those amimal proteins tested The
present results show that the endopeptidase 1s also active
towards other legume storage proteins. The long time
required by lupin endopeptidase to complete tts action on
the protein substrates as well as its activation after several
hours of preincubation have been noted elsewhere (13]
In pea legumin only the acidc subunits, which contain
paired baskc amino acid residues [14). are processed.
similar results were obtained with lupin legumin [12] The
basic subumits of pea legumin do not contain such basic
amino acid pairs and they are unaffected by the lupin
protease. Moreover. the sze of the observed polypeptide
fragments deriving from the cleavage of the acidic sub-
units can be tentatively related to the positions of

Arg Arg- pairs in the amino acid sequence Three pairs
of arginine residues are located at the C-terminus of the
acidic subunit in the most hydrophulc and probably most
accessible region of the sequence [14] Their cleavage
could give rise 10 the polypeptide fragments of M,
35-37 K observed at an carly degradation stage of lupin

218 194K endopeptidase Later, the enzyme cleaves in the proximity
A 8 107 x M,
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Fig 2 SDS-PAGE analyus of jack bean viahin incubsted without (A} and with (B) lupin endopeptidase. The
conditions are the same as in Fig | Apparent M, s shown in the figure refer 1o standard proteins (soe Expenmental)
No 2-mercaptocthanol was added. 30 ug of vicihin were loaded in each lane.



{n wriro proteolysis of storage proteins 629
A 8
10 x M,
— 68
a+fBey -
— 45
a+f -~
B+y - — 29
a —
y - —— 14
0] a8 72 M o) 48 72 hrs
Fig 3 SDS-PAGE analyns of pea viahin 50K M, polypeptides incubsted with (A) and without (B) lupin
endopeptidase. The condisons are the same as in Fig. 1. Apparent M, s shown in the figure refer to standard proteins
{see Expenmeotal) No 2-mercapiocthanol was added 20 ug of protein were loaded 1n each lane M denotes M,
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Fig 4. Sites of n 1100 and w titro proteolytic cleavage of 50 K M, pea vialin polypeptide.

of a pair of arginine residues closer to the N-termunus
(possuons 58 and 59 [14]) with the removal of a larger
fragment of M, around 7 K leading to polypeptides of M,
29-33 K. A further paur of arginine ressdues (positions 102
and 103 [14] ) do not appear 10 be affected by the enzyme.
The presence of the disulphide bridge at cysteine residue

86 1n the acdic subunit linking the basx subumt of pea
legumun [ 14] possibly reduces the acoessibility of argnine
ressdues at positions 102 and 103.

The action of lupin protease on pes legumin closely
resembles that 1n the early stages of legumin proteolysis
during seed germination [15], suggesting that 8 similar
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tig 5. SDS-PAGE analysus of pes vicihin under ddferent developmental stages of seeds and seedlings and of 50 K

M, vialin polypeptades processed by lupin endopeptidase A Mature pea seed vicihin, B vicalin from pea seed after 3

days of germunaton, C. vicilin from pea sced after S days of germunation, D vicibo from pea seed after 7 days of

germunation; E. 11 days after Bowering S0 K M, viailin suburuts, b |1 days afier flowering SO K M, vicalin subunits

after 72 hr digestion with lupin endopeptidase. Apparent M, s shown in the figure were obtained by companson with

standard proteins (sec Experimental) No 2-mercaptoethanol was added 15 ug of protein were loaded 1n each lane,
cxcept for lanc A where the amount was 40 ug

enzyme s active during the carly stages of germination in
peas.

The SOK M, and 47 K M, polypeptides of pea vicilin
are degraded by lupin enzyme with a specific site of
cleavage at the N-terminus of the § + ; fragment where
two pairs of argrmine residues are present [ 16]. Covalently
linked carbohydrate was found in this fragment indcating
that 1t contained the ; subumt, which 1s known to be
glycosylated [17] The presence of a carbohydrate moiety
on the 8 + y subumit can explain the discrepancy between
the determined and cakulated M, (Fig 4) V-Terminal
analysis of the 30K M, subunit obtained with lupin
protease gave five amino acid ressdues coincident with the
N-terminal sequence of the § + ; subunit This subumitisa
minor component tn mature vicihin.

These data suggest that lupin endopeptidase has a
specificity for hydrophilic regions of sequence containing
paired argimne residucs

The proteolytic breakdown of vicilin by lupin protease
15 10 some respects different to that observed 1n mature
vicihin. This protease clearly does not mimuc the effects of
the (putative) protease active during pea seed develop-
ment which cleaves on the C-terminal side of specific
exposed Asn X peptide bonds in the legumin [14). vicihin
{14] and seed lactin (18] precursors, but its action does
resemble that of the protease which cleaves at the 2 + 8
subunit junction to give a (M, 19 K)and g + 7 (M, 30K)
subunmits. The final band pattern of mature vicilin 1n pea
may therefore be the result of an enzyme of this specificity
cleaving at the x+ § subumt junction 1n some pro-
polypeptides and an Asn-specific protease cleaving the §

+ 7 subumit yunction in all polypeptides of the 47K M,
vicilin type.

The action of lupin protease 15 simular to that of the
carly stages of vicilin proteolysts on pea seed germination,
suggesting that the corresponding pea protease 15 also
present both during seed development and in mature
seeds 50 that it s active in the carly stages of germination.
In agreement with this conclusion, both developing and
mature pea seeds contain BAPA-ase acuvity [ Duranti M.
and Gatehouse, J. A, unpublished results] As with
legumin another protease must be acting as germination
proceeds to produce fragments of M, around 20K as the
major polypeptides after 7 days of germination (see
kg $).

Jack bean vicilin also gave proteolytic fragments upon
treatment with the lupin enzyme, but a complete amino
acid sequence of this protein 1s not avalable. However,
because of the homology 1n the amino acid sequence of the
iryptic peptrdes of canavalhin with pea vicilin {19], 1t 1y
likely that hydrophilic sequence regions containing

Arg-Arg- residues are located near the middle of the
polypepude chain as in vicilin 50 K M, polypeptide.
During germination of jack bean seccds. canavalin s
converted to form Al of canavalin (M, 24 K)and 1o form
A2 (M, 25 Kywhich in turnis rapidly degraded to A3 and
Ad (M, 12K and 13K, respectively) [20]. Furthermore,
similar proteolytic fragments were obtained by prolonged
treatment with trypsin and chymotrypsin [20) and with
lupin protease. Since the action of different proteases
produces polypeptide fragments of similar size, the exist-
ence of an easily accessible predetermined site of cleavage
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in the amino acid sequence of the storage proteins of this
family is suggested

EXPERIMENTAL

Purificaon of the protease from mature seeds of Lupimus
albus, var. Multolupa was according 1o Duranti and Cerletu [12)
The partally purified enzyme was then incubated with protein
substrates under the condiions given below Activity of the
enryme on BAPA was used 10 calculate the enzyme to protein
rati0. for cach assay an amount of enzyme sola to gve 10 amol
BAPA hydrolysed qun "' mg ™' of protein substrate was used
The frecze dned protein substrates used in thiv study were
mature pea (Pisum sativum L) seed begumin, SOK M, and 47K
M, vicihin polypeptides from immature pes soods (11 days after
flowering) and canavalin (rom jack bean (Canavalia ensiformus L )
(19] For comparison of the SDS-PAGE patterns mature pea
seed vicilin and vicilin from germinating pes seeds at 3. $ and ?
days of germination (prepared as desctibed in ref [6]) were also
used The amount of protein subsirate was determined by the
mxcrobiuret method of by absorbance at 280 nm The amount of
protein incubated with the protease 15 indicsted 1n each figure
Blanks without added enzyme were run in parallel Incubation
experuments were performed under conditions of highest enzyme
sctivity These were SOmM NaPi buffer, pH 74, contaiming
015M NaCland 001 °,NaN,, the temperature was 37" and the
samples were gently surred during incubation

Aliquots (50 ul) were withdrawn at various times, denstured
with 50 ul 0125 M Trns-HCI buffer, pH 68, contaiming 1 5°
SDS. by heating at 100 for 4 min and analysed by SDS-PAGLE
according 10 Laemmli [21] with minor modifications. When
neccssary, 2-mercaptocthanol, final concentration 25°, was
added Protein bands in the gel were stained with Coomassie blue
R 250 The M, of the polypeptde fragments produced during
incubation was determined by comparing peak location 1n the
laser densstometer scannings at 637 nm as with that of known
protein markers, bovine serum albumin (M, 68 K), egg albumin
(45 KL carbonx anhydrase (29 K} and lysozyme (14 K) all
obtained from Sigma Chemxcal Co.. US.A Glycosylated poly-
peptides were detected 1n the gels with dansyl hydrazine as
descnbed 1n ref [22] Scparation of the polypeptide fragments
was by gel permeation on s column of Sephacryl $300
{(Pharmacia Fine Chemicals) equilibrated with 70°, formic acd
Breakdown products of SO K M, and 47 K vialin polypeptides
1S mg)were denatured with 70°, formx acxd and loaded onto the
column (60 x | Scm) whxh was eluted at a flow rate of
10mlhe ' with 70°, formic acsd. Eluted fractions were pooled.
dned under vacuum and submitted to N-terminal analyss A-
Terminal amino acid sequence analysis was performed manually
using the film method for large peptides as described in ref 23]
A reverse phaswe column on a Jaxo apparstus was used
Phenylthiohydantoin denivatives of the amino acids were
wdentified
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