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Metal lons Restore the Proteolytic Resistance of Denatured
Conglutin p, a Lupin Seed Glycoprotein, by Promoting Its
Refolding
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The susceptibility to trypsin of conglutin v, a lupin seed glycoprotein affected by this enzyme only
when in a non-native conformation, was used to study the effect of Zn2+ and other metal ions on the
structural dynamics of the protein. When acid-treated trypsin-susceptible conglutin y was incubated
at neutral pH in the presence of Zn?*, it became resistant to tryptic attack, contrary to the protein
treated in the absence of Zn2*. The time course of this refolding event has been quantitatively
evaluated by SDS-PAGE. Amino acid sequencing of the major polypeptide fragments, produced by
trypsin before completion of the refolding process, indicated that only a few cleavable bonds were
accessible to the enzyme. This suggested that the presence of metal ions affected the pathway of
degradation of the protein, by inducing its folding. Among the other metal ions tested, Ni** also
promoted the adoption of a trypsin-resistant conformation of conglutin y, whereas Mn?* and Ca?"
had only much lower effects. The relevance of these findings for a deeper understanding of the in
vivo degradation of plant food proteins and how it is affected by metal ions are discussed.
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INTRODUCTION canonical legume storage proteins with many fewer acidic amino
acid residues and more lysine, cysteine, tryptophan, and
hydroxylated amino acid residued)( Conglutin y is not
degraded during seed germinatioh §) and is also resistant to
trypsin in vitro when purified under native condition8).(
Additionally, although conglutiry is primarily deposited in the
protein storage vacuoles of the developing lupin se&@y {t

was also located in the cytoplasmic spaces between the protein
bodies (1), within the epidermal cotyledonary cell&Q), and

in the intercellular spaces of the germinating cotyledd. (

A number of datal0, 13; F. Sessa, A. Di Cataldo, A. Scarafoni,
and M. Duranti, unpublished results) have shown a spread of
the presence of conglutiry-like proteins among several

The molecular understanding of plant protein structural
dynamics in relation to their susceptibilities to proteolytic
enzymes and the elucidation of the factors affecting these
processes are consistent with the oriented utilization of plant
proteins for human and animal nutrition. The degradability of
food proteins, by affecting amino acid bioavailability, is a
relevant issue, especially for the seed globulins, known for being
more recalcitrant to proteolysis than the animal proteil)s (
On the other hand, limited proteolysis of plant proteins may
represent a tool for their nutritional improvemer®),(their
functionalization 8), or the liberation of bioactive peptide
fragments, both with direct effects on cell metabolism or as ) ;
binders of metals, hormones, and other small active molecules.legum'nous_ SPecies. . ) .

A relevant example of seed protein is lupin conglutina In a previous work14), the resistance of native conglutin
glycoprotein ) of 46 kDa molecular mass, made up of two to trypsin, while t_he unfolded protein is fully degraded, was
~S—S— bound subunits of 29 and 17 kDa, respectivesy. ( used as an effective moleculgr probe to show that the f_oIdmg
Indeed, in addition to its relative abundance in lupin cotyledons, ©f the acid-denatured protein to a stable conformation is
5-6% of the total proteins, this protein shows several features f@vorably affected by the presence of the N-linked saccharide
that make it an extremely interesting seed protein. Its deducedSide chain. More recently, the interaction of conglytiwith a

amino acid sequences) markedly differs from that of the number of metal ions and its binding to bothZZrand N£* in
metal affinity chromatography have been described. Other

N ) - . metals, such as Mn, Mg?", and C&", were found to be
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adoption of a trypsin-resistant conformation and to get insight
into the degradation dynamics of this nutritionally/functionally
relevant metal binding plant protein. To these purposes, the
modalities and the kinetics of the metal-induced restoration of
the resistance against trypsin of denatured conglutmd the
identification of the major polypeptide fragments liberated by
this enzyme are presented.

MATERIALS AND METHODS

Plant Material. Lupinus albusL. seeds of the sweet Multitalia
variety were kindly provided by L. Postiglione and M. Fagnano
(University of Naples, Italy).

Purification of Conglutin y from Mature Lupin Seeds. Conglutin
y was purified according to the method of Duranti et d6)(under
non-denaturing conditions by using a combination of anion and cation
exchange chromatography. This form of the protein was proved to be
fully resistant to trypsin. A further purification step was accomplished
by reversed phase (RP) HPLC on a Symmetry 3@9cGlumn (0.46
cm x 25 cm) (Waters) equilibrated with 0.1% TFA in Milli-Q water,
pH 2.2, in conditions that cause the protein to be cleaved by trypsin
(14). Elution of the protein was obtained with a continuous gradient
from 0 to 75% acetonitrile in 75 min, at a flow rate of 0.8 mL/min.
The purified protein was dried in a Speed Vac (Savant) and resuspende
in the appropriate buffer for the renaturation trials performed in this
work (see below). Whenever the native conglytinvas required for
control experiments, the last purification step was omitted.

Conglutin y concentrations were determined by measuring the
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Figure 1. Effect of Zn?* on the adoption of a trypsin-resistant conformation

of denatured conglutin y. Acid-treated conglutin y (0.5 mg/mL) was
incubated with trypsin in the ratio 25:1 (w/w) in a 10 mM Tris-HCI buffer,
pH 7.5, for 24 h at 37 °C before and after preincubation for 4 h in the
same buffer in the absence or presence of 2 mM Zn2*, The same volumes

dof the samples with identical initial protein concentration were loaded on

the SDS-PAGE gel. The gel was run under nonreducing conditions. For
comparison, the patterns of untreated conglutin y incubated with and
without trypsin, in the same conditions as above, are also shown. When

absorbances at 280 nm of the solutions and assuming an absorptior£"*" Was absent, a more extensive degradation of the polypeptides

coefficient of 1 fo a 1 mg/mL solution 17). A molecular weight of
46 kDa was used to calculate molar concentrations of the protein. The
homogeneity of conglutifr preparations was checked by SDS-PAGE.

Use of Trypsin as a Refolding Probe of Conglutiny. Acid
treatment of conglutiry was previously shown to make the protein
sensitive to trypsini4). On this basis, RP-HPLC-purified conglutin
(10.6 nmol) was dissolved in 1 mL of 0.1% TFA in Milli-Q water
containing ZnCl at the desired concentration and trypsin (Sigma,
catalog no. T1426) at a final concentration of 08%2. A control
without Zr?™ was also set up. The pH of the solutions was then brought
to 7.2 with 3 M Tris base, and identical aliquots were withdrawn after
1.5 h of incubation with the enzyme at 3C.

To allow the refolding of acid-treated conglutinto take place,
solutions of the protein in the presence or absence éf,Zafter the
adjustment to neutrality, were incubated at D prior to trypsin
treatment. After fixed preincubation times, trypsin in the same ratios

occurred, as denoted by the clearer pattern in the corresponding lane.
The action of trypsin, in the presence of 2 mM Zn?*, on cytochrome ¢
with and without conglutin  added, was also checked. See Materials
and Methods for details. M: marker proteins.

mA for 1 h atroom temperature. The presence of mannose/glucose/
N-acetylglucosamine-type carbohydrate covalently linked to the blotted
polypeptides was estimated by reaction with concanavalin A and
visualization by peroxidase according to the method of HawR8s (

For polypeptide sequencing, blotting onto PVDF membranes was
performed according to the method of Matsudaigd)(in a tank
apparatus Bio-Rad Trans Blot Cell at a constant current of 100 mA for
1.5 h at 4°C. The amino-terminal amino acid sequence was determined
by Edman degradation using a Procise automated liquid phase sequencer
(Perkin-Elmer).

as above was added and allowed to act for 1.5 h. SDS-PAGE was usedRESULTS

to determine the relative amounts of uncleaved conglutt various
refolding times, thus allowing estimates of the refolding kinetics of
the protein in the presence and absence &f Zn

Electrophoretic and Sequencing TechniquesSDS-PAGE was
carried out essentially as described by Laemibd) on 12.5 or 15%
polyacrylamide gels. Electrophoretic separations were performed by
using either a Minigel Bio-Rad system or a Hoefer electrophoresis unit
(16 x 18 cm gel) in order to get a more accurate estimation of the
polypeptide molecular weights. Gels were stained with Coomassie
Brilliant Blue R250. The relative molecular massed,)( of the
polypeptide bands were determined by comparison with a standard
protein solution (Pharmacia) containing phosphorylas@4 kDa),
bovine serum albumin (68 kDa), egg albumin (45 kDa), carbonic
anhydrase (30 kDa), trypsin inhibitor (20 kDa), and lysozyme (14 kDa).
In this work the molecular mass of the uncleaved unreduced conglutin
y polypeptide is that deduced by its amino acid sequefizeahich
may not coincide with the appareMt observed in SDS-PAGE because
the protein was also glycosylatef) (

Gels were digitalized by a Studio Scan Il scanner (Agfa) with
PhotoLook 32 (Agfa) and quantitatively processed with Cream (Kem-
En-Tec, Copenhagen, Denmark) software.

The blotting of the polypeptides onto nitrocellulose membrane was
carried out essentially according to the method of Towbin et1#)). (
in a Sartorius semidry blotting apparatus at a constant current of 50

Susceptibility of Conglutin y to Trypsin. The susceptibilities
to trypsin of native and acid-treated conglutinand of the
denatured protein preincubated at neutral pH in the absence or
presence of Z& were monitored by SDS-PAGH-igure 1).
Although no change of the native protein electrophoretic pattern
with respect to the control without trypsin was observed,
disruption of the non-covalent bonds by extremely acidic pH
allowed trypsin to access the numerous arginine and lysine
residues of conglutir. As a consequence, an almost complete
degradation of the polypeptide backbone, giving rise to small
peptide fragments, many of which were not retained in the gel,
took place. Conversely, when acid-treated conglytinvas
preincubated in the renaturing buffer in the presence &f Zn
for 4 h, most of the protein molecules became again resistant
to trypsin, like the native ones, as deduced from the intensity
of the intact conglutiry band. Some polypeptide fragments were
also present. The major ones have been analyzed, as described
in a following section. If Z&™ was not present, only a limited
amount of protein was unaffected by trypsin, whereas most of
it was degraded to smaller fragments, the majority of which
seemingly escaped the gel, as happened with the unfolded
conglutiny.
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Table 1. Identification of the Major Tryptic Polypeptide Fragments
Liberated during Conglutin y Refolding in the Presence of Zn?*a
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Figure 2. Time course of the renaturation of acid-treated conglutin y.

SDS-PAGE Determined Mr, N-terminal Caleulated | Glycosylation®
pattern under Da sequencing molecular mass (NN T)
reducing conditions R
{sequence position )
-/_ 31,200 Y HNSQP 29,007 +
o 28,200 TaPLMQV 25,141 +
- — 22,600 AggNTHQ 20,326 +
g.; ™| 7m0 Y6y HESSE 16,352 -
“ —| 12500 GssLPNNY 12,093 .
\ 11,900 Yy HESSE nd. #

Samples of 10.6 uM conglutin - were incubated at neutral pH for various
times with a 200-fold molar excess (¥) or in the absence (M) of Zn?*
and subsequently treated with trypsin for 1.5 h at 37 °C as detailed under
Materials and Methods. Points represent the averaged (duplicate)
percentages of uncleaved conglutin v 46 kDa polypeptide after SDS-
PAGE analysis. The continuous line denotes the hyperbolic calculated
fit.

To verify whether conglutiry itself affected trypsin activity,
the same molar concentrations of bovine hearth cytochrome
as conglutiny were added to the incubation mixture with trypsin
in the same ratio as in the refolding experiments. Complete
degradation of cytochrometook place, as if it was incubated
alone with trypsin Eigure 1), thus indicating that conglutip
itself had no trypsin inhibitory activity.

Time Course of Conglutin y Refolding Patterns in the
Presence and Absence of Zf. To compare the patterns of
adoption of the trypsin-resistant conformation by conglytin
in the presence and absence ofZrthe time course of these
events was studied by plotting the relative amounts of trypsin-
resistant conglutiry versus the refolding timeF{gure 2). A
hyperbolic curve, with a correlation coefficient of 0.996, was
obtained with conglutiry refolded in the presence of a molar
excess of Z&", whereas with an equimolar Zhconcentration
to the protein (not shown) and in the control without?Zn
respectively, a series of scattered data, roughly parallel to the
abscissa and close to zero, were obtairfeédure 2). Despite
the scarce reliability of the latter scanning measurements at thes
low uncleaved polypeptide concentrations, the results indicated
that only a much lower amount of conglutinwas resistant to
trypsin if Zn*t was not present, as qualitatively showrFigure
1

At zero refolding time, a certain amount of conglutin
varying from 6 to 24% in the different samples, appeared to be
resistant to trypsin action, as already noted in a previous work
(14), seemingly due to the incomplete protein unfolding under
the denaturing, but nonreducing, conditions used.

Identification of the Major Tryptic Polypeptide Frag-
ments. The most prominent polypeptide fragments liberated by
trypsin at the middle point of the renaturation process were
separated by SDS-PAGE under reducing conditions, blotted to

2 ltalic type relates to conglutin y light subunit. & Except for the N termini of the
heavy and light conglutin 7 subunits (residues 1 and 268, respectively), all
sequences shown follow a K or and R residue. * Determined by concanavalin A
Western blotting (see Materials and Methods). n.d., not detectable.

in the first half of the molecule, and one fragment derived from
the C-terminal truncated light subunit, where several K and R
residues are also present. Their masses calculated from the
deduced amino acid sequence fitted with thg values
determined by SDS-PAGE and also the presence of a glycosyl
moiety were consistent with its position in the heavy chain
sequence, as also shown Trable 1. Because many other
cleavable K and R residues are present in the conghatin
sequence, although they appeared not to be cleaved by trypsin
or at least they do not give rise to relevant fragments, these
uncleaved positions likely represent inaccessible regions of the
fully or partly folded protein structure.

Effects of Other Metal lons. On the basis of our previous
results (5), showing the interaction of various divalent metal
ions with conglutiny, the influence of other metals on the
refolding pattern of conglutiry was studied. The metal ions
were selected on the basis of their observed greatest @
Ni2t) and lowest (MA" and C&") extent of interaction with
conglutin y, as described in a previous papds5) In this
experiment, the SDS-PAGE patterns of identical volumes of
treated conglutiry solutions were used to compare the effect

é)f the various metal ions on the structural dynamics of the

protein Figure 3). Ni2™ was shown to be more effective than
Zn?* in promoting conglutiry adoption of the trypsin-resistant
conformation at short refolding time, whereas the percentages
of refolded protein with MA" and C&" were only 42 and 19%

of the NP*-treated sample, respectively. These results were
obtained by considering only the relative intensity of the intact
conglutin y band as the data reported Fgure 2. Major
fragments around 30 and 17 kDa were detected fér-Nand
Zn?*-treated samples, whereas most of the peptides were not
retained in the gel with both Mri and C&".

DISCUSSION

In this work, the susceptibility to trypsin of a metal binding

PVDF membrane, and sequenced. This approach allowed us tglant glycoprotein15) was used to monitor the effect of various

identify these fragments, as detailedTiable 1.
In the reduced SDS-PAGE pattern shown, two polypeptide

metal ions on the structural dynamics of the protein, in order
to get a deeper insight into the extent of its proteolysis as

bands, namely, those with molecular mass of 31200 and 17700affected by the presence of metal ions. Other experimental

Da, were the uncleaved conglugnheavy and light subunits,
respectively, as confirmed by their N-terminal sequences. The
other polypeptides corresponded to fragments of the heavy

approaches, such as activity measurements or direct physical
measurements, such as far-UV circular dichroism, could not
provide evidence of conglutip folding/unfolding processes

subunit cleaved at two K and one R residue, respectively, locatedbecause this protein lacks any detectable biological activity and
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M, Zn¥*  Ni* M Ca®* 1) suggest; that some cleavage sites belong to exposed regions
KkDa — of the folding protein, whereas other cleavable bonds are
hindered in the protein folding core and the mentioned metal
46 —|. ions play a major role in these structural dynamics. Incidentally,
the liberation of polypeptide fragments of similar size from
conglutin y refolded in the presence of different metal ions
30—|. suggests a unique or a predominant refolding pathway followed
< by the protein, according to the widely accepted models of
protein folding @6, 27).
These results, in addition to the molecular insight provided,
17— might be relevant to a deeper understanding of the in vivo

stepwise degradation of food proteins and how these processes
are affected by the presence of other food components, such as
the metal ions. This is of special interest if a given protein,
such as conglutiry, is being isolated and processed in view of
its utilization as a food ingredien2@). In this respect, the metal
binding capacity of conglutiry and its fragments may be of
interest in influencing the supply and bioavailability of minerals

in the human diet.

On the other hand, it has been shown that specific polypeptide
fragments of legume storage proteins may develop biological
activities, which can have either beneficial or adverse effects
on human and animal health, such as a lectin-like activity arising
from the proteolysis of lupin 7S globulin29), the soybean
hypocholesterolemic activity of peptides from the conglycinin
fraction (0), and the secretagogue activity of phaseolin frag-
ments 81). In this respect, the oriented modulation of plant
protein limited proteolysis may open new perspectives in the
biological utilization of these nutrients and certainly deserves
further studies at molecular and physiological levels.

X

trypsin-resistant conglutin ¥,
% of the highest value
wn
=

0 4
Figure 3. Effect of divalent metal ions on the refolding pattern of conglutin
y. Conglutin  was incubated in the presence of 2 mM concentrations of
the metal ions indicated in the figure for 40 min and then treated with
trypsin, as already described. Identical volumes of each sample were
withdrawn, denatured, and analyzed by SDS-PAGE. The histogram shows
the relative amounts of uncleaved conglutin y polypeptide as a percent
of the corresponding area in the Ni2*-treated sample.

is predominantly structured in thé conformation {4, 22).
However, the sensitivity to proteolytic attack has already been
shown to represent an effective probe of protein structural LITERATURE CITED
changesZ3, 24). From the structural viewpoint, further interest

in this study arises from the fact that, 17 lysine and 7 arginine
residues being present in the sequence of conglutithe
complete trypsin resistance of such a large-sized, potentially
highly cleavable protein in its native conformation is quite
unusual.

Our results have shown that the interaction of the denatured
and trypsin-susceptible conglutin with Zn?* at neutral pH
values triggers the adoption of a proteolysis-resistant conforma-
tion, as observed by the increasing presence of the intact 46
kDa conglutiny band. Our experimental approach was based
on the analysis of the same volumes of protein solutions with
identical initial protein concentrations, and the effect of the metal
was monitored by comparing the intensity of the Coomassie
blue stained conglutiy intact band.
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