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Abstract

Limited proteolysis of barley ribulose-1.5-bisphosphate carboxylase/oxygenasc
{RuBPCO) was effected by treatments with trypsin and Staphyiocnceus aurens strain
V& protease. Treatment of native RuBPCO with proteases resulted in the degradation
of the large subunit (L8) of the enzyme. Trypsin cleaved three fragments from the LS
but the 8 surene strain VR protease cleaved only one. The small subunit (§8) was not
affected. In the presenee of 0.5 % sodium dodecyl sulfate, RuBPCO degraded into
several fragments; some of them were fairly stable. Monoclonal antibodies (Mabs)
against barley RuBPCO were applied in immunoblotting analysis to distinguish
which of the fragments were recognized. All the Mabs recognized the fragments with
molccular masses close to those of the LS. Differences among Mabs were observed
m the fragments with low molecular mass.
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Introduction

Limited proteolysis is onc of the metheds for characterization of proteins and
polypeptides and identification of seme individual proteins in complex mixtures
(Cleveland er af 1977, Bottomley 1982), for investigation of the structural changes
related to some enzymes’ functions (Gutteridge ef @l 1986, [loulz and Mulligan
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dhbrevigiions: ATP - adenosine-5-triphosphate; DEAE - diethylaminoethyl; EDTA - ethylenc
diamine tetraacetic acid; 1.8 - large subunit; Mab - monoclonal antibady; PMSF - phenyl-methyl
sulphonyl fluoride; RuBPCOr - ribulose-1,5-bisphosphate carboxylase/oxygenase; SDS-PAGE-
sodium dodecyl sulphate polyacrylamide gel electrophoresis; 5§ - small subunit.
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19913, and for characterization and location of specitic regions and sites in the
primary protein structure (epitopes) recognized by monoclonal antibodies (Sueyoshi
et al 1988, Xu and Van Huystee 1991). However, little is known about the
fragmentation ol RuBPCO by endogenous and exogenous proteases. More sensitive
to proteolysis is RuBPCO LS, and the characteristic pattern of iz vive deprading
fragment [rom RuBPCO is different depending on experimental conditions (Mae et
«l 1989, Mitsuhashi er af. 1992, ildbrand et af. 1994, Desimonc et al. 1996). Under
limited protcolysis of native spinach RuBPCO with trypsin, two short peptides were
released from the N-terminus and one from the C-terminus of the LS (Mulligan #f ol
1988). Denatured RuBPCO from spinach is digested by different proteases
(chymolrypsin, papain, and S. aureus V8 protease), and the large subunit of the
enzyme generates about 15-25 bands (Bottomley 1982). Less attention has been paid
to the ragmentation of RuBPCO from barley. Barley RuBPCO is less sensitive to
trypsinolysis compared to wheat and spinach RuBPCO (Gutteridge ef @/, 1986). The
characterization of Mabs agoinst RuBPCO applying limited proteolysis of the
enzyme has not been made so far. Monoclonal antibodics against RuBPCO from
harley leaves have been produced and partially characterized (Mladjova et al 1992).

suggesting sequential but not conformational type of the recognized epitopes.

In the present paper an attempt was made to more thoroughly characterize the
cpitopes on RuBPCO  molecule recognived by the Mabs, using the limited
proteolysis.

Materials and methods

Plants: Pre-soaked sceds ol Hordeum vulgare L. were germinated and grown under o
12 h day with 200 umol(photon) m-=2 s-1 at 27 °C during day and 25 °C at night. After
10+ d, when the primary leaves had fully expanded, thev were harvested, and rapidly
froven in liquid nitrogen.,

RuBPCO cxtraction and purification was done by a modified methed deseribed in
Demirevska-Kepova and Simova (1989). [.eaves were ground to a fine powder with a
pre-chilled mortar and a pestle, and homogenized (1:4 m/v) in an ice-cold 100 mM
Tris-HCI {(pH 8.0) bulfer containing 20 mM MgCl,, 20 mM NallCO;, 1 mM EDTA,
20 mM B-mercaptoathanal, 1T mM PMSF, 3 % miv Palyelar AT, 1 % m/v avalbumin,
and 12.5 % v/v glycerol. The homogenate was centrifuged at 16 000xg for 30 min.
The supcrnatant was fractionated with 35-55 % (NII;),80,. The pellet was
redissolved in 20 mM Tris-HC1 (pH 8.0) buffer containing 20 mM MgaCl,, 20 mM
NaHCO;, 1| mM EDTA, 20 mM p-mercaptocthanol, 3 mM ATP, and 12.5 % v/v
glycerol, and desalled on a column of Sephacry! 5-200. The RuBPCO enriched
fraction was purificd on a DEAE-Sephace! column, RubBPCO was cluted with
400 mM KCl, and further purified on a Sephacrvi 5-300 column. All these
procedures were carried out at 4 °C. Purified RuBPCO was stored under liquid
nitrogen, and was characterized electrophoretically on 13 % SDS-PAGE.
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Proteolytic degradation of RuBPCO: The purified enzyme (native RuBPCO) was
activated by 20 mM MgCl, and 10 mM NallCO; for 30 min at 30 °C. RuBPCO was
semi-denatured by 0.5 % m/v SDS in 0.1 M Bicine-NaOH (pH 8.2) with 20 mM f-
mercaptocthanol and 10 % v/v glycerol. Native or semi-denatured RuBPCO was then
proteolyzed with trypsin (500:1, m/m) or protease from Staphviococcus or S. aureus
strain V& (100:1, m/m) in 0.1 M Bicine-NaOH (pH 8.2) buffer containing 20 mM
MgCl,, 20 mM NaHCOs, 20 mM B-mercaptoethanol, and 10 % v/v glycerol tor 15-
90 min at 30 °C. Proteolytic degradation was stopped hy boiling the reaction mixture
for § min after addition 1:1 (v/v) of 100 mM Tris-HCI buffer (pll 6.8) containing
2 % m/v SDS, 2 % v/v B-mercaptoethanol, 0.2 M EDTA, 10 % viv glycerol, and

0.2 % m/v bromphenolblue in ethanol, and stored until clectrophoresis at -20 "C.
Soluble protein content was determined by the method of Bradford (1976).

SDS-PAGE and immunoblotting' Polyacrylamide gel electrophoresis using 15 %
separating and 5 % concentrating slab gels (1 mm thick) was performed according to
Laemmli (1970). The resulting polypeptides were stained with Coomassic Brilliant
Blue G 250, After 15 % SDS-PAGE, non-stained polypeptides were electrophore-
tically transferred onto nitrocellulose membranes. Immunoblolting was made as
described by Mladjova ef al. (1992). Polypeptides were visualized with 0.2 % 3,3'-
diaminobenridine in 100 mM Tris-HC1 (pll 7.2) buffer containing 150 mM NaCl,
and after adding 0.02 % H,0), (final concentration).

Results and discussion

Additional information about the limited proteolysis of RuBPCO from barley was
oblained. Two proteases with different specificity (trypsin cleaving peptide bonds on
the carboxyl side of lysine and arginine residues; S. aureus V8 proteasc attacking
peptide bonds on the carboxyl side of aspartic and glutamic acid residues) were
applied expecting different polypeptide profiles after proteolysis.

Degradation of native RUBPCO: After incubation ol native RuBPCO with trypsin
(Fig. 14), bands corresponding to three fragments of the LS were obtained: one wide
band with almost unchanged clectrophoretic mobility, and two thinner bands with
molecular masses between 37,2 and 42.9 kIYa. After incubation of native RuBPCO
with protease from S. gureus strain V8 (Fig. 1B8) only one fragment with molecular
mass near 42.9 kIDa was found. It was slightly stained, and situated more distant from
LS than the [ragments obtained with trypsin treatment. The control was kept under
the same conditions but without protease. The electrophoretic profiles of both control
and variants contained additional polypeptidc bands. probably cross-linked
aggregates of LS and SS with molecular masses of about 110 and 26 kDa.
Susceptibility of the RuBPCO LS to both protease actions was established. The S5 in
native RuBPCO remained apparently intact under the assay conditions. Lividently, the
§8s were discriminated from proteolytic degradation when  assembled  mto
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holoenzyme. Such a differential susceptibility to proteolysis was also observed by
Otto and Feicrabend (1994). RuBPCO as a multimeric protein complex cannot be
simply  subjecied to proteolytic degradation. Modification or denaturation of
RuBBPCO is the possible mechanism triggering protein degradation (Moreno er al
1995, Desimone ef af. 1996).
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Fig, 1. SDS-PAGE analysis of native (Jop) and semi-denawured {hottom) BuBPCO alier proteotysis
with trypsin (500:1, m/m) for 15-60 min at 30 °C (4, ). and with S, gureus V8 proteasc (100:1,
m/m) for 30-90 min at 30 C (B, D). The polypeptides were stained with Coomassie brilliant blue ¢-
250. The positions of the LS and 88 of RuBPCQ are indicated. Lanes: (' - control without proteasc;
4, 2 and 3(A4) - digestions for 15, 30 and 60 min, (B) - digestions for 15, 30 and 90 min,
respectively. M - molecular mass markers 14.3-71.5 (Fhka).
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Degradation of semi-denatured RuBPCO: RuBPCO denatured by boiling tended to
aggregate and in the presence of proteases the electrophoretic profiles contained
poorly distinguishable polypeptide bands (results not shown). More distinet
electrophoretic patterns were obtained using semi-denatured RuBPCO in the
presence of 0.5 % SDS (Fig. 1C, D). Some of the fragments were stable during the
meubation. After incubation of semi-denatured RuBPCO with trypsin (Tig 1C) two
relatively stable fragments with molecular masses close to those of LS, two
frapments with molccular masscs between 57.2 and 42.9 kDa, and many overlapping
fragments below 28.0 kDa were obscrved. Using the protease from S, aureus strain
V& (Fig. 1D} relatively stable fragments were also obtained but with different
electrophoretic mobility (four fragments with molecular masses between 537.2 and
42.9 kDu, and four ragments between 42.9 and 28.6 kDa). Semi-denatured RUBPCO
[.S degraded into several fragments; some of them were relatively stable. Some
bands with molecular masses lower than 14.3 kDa were observed, but we had no
immunochemical evidences that they were cleaved [rom LS or 35, 3DS seems 10
change the susceptibility of RuBPCO to proteases by changing its conformation (Mae
et al. 1989). The relative stability of fragments obtained by exogenous protcases is
similar to that of tragments produced by endogenous proteases (Hildbrand et af.
1994). When RuBPCO was in native state it was more stable towards the proteases
used than the semidenatured one.

[Immunoblotting of degraded RuBPCO: The obtained fragments were transferred onto
nitrocellulose sheet by Western blotting, and were exposed to the four monoclonal
antibodies (2G2, 2F4, 2D11, and 2H35) against RuUBPCO (Fig. 2). When native
RuBPCO was used in the presence of trypsin for 20 min, all the Mabs interacted with
one wide polypeptide band related to LS and with RuBPCO LS agpregates with
larger molecular masses (Fig. 24). We suggest that the wide polypeptide band
includes non-degraded LS and LS without two short peptides released from the N-
and C-termini. Hence, the determinant groups could not be situated in those termini.
Mabs 21'4 and 2D 11 recognized scven fragments from semi-denatured RuBPCO with
the same electrophoretic mobility for both Mabs (Fig. 25, lanes 2 and 4). These were
likely stable determinant groups during proteolysis. Mab 2G2 recognized the same
fragments as above except for one with molecular mass close to 28.6 k[Ja, which was
missing (Fig. 25, lane ). Mab 2HS recognized two fragments close to LS, and only
one fragment with molecular mass between 28.6 and 14.3 kDa (Fig. 2B, lane 3).

All Mabs recognized only the LS when native RuBPCO was used in the presence
of protease from S. awreus strain V8 (Fig. 2C). The results were similar to those
ohtained with native RuURPCO digested hy trypsin. Rit the semi-denatured RuRPCO
was recognized differently by the four Mabs (Fig. 2D). Mab 2G2 recognized four
fragments with molecular masses between 28.6 and 14.3 kDa (Fig. 203, lane ), Mab
211 reacted with three of them (Fig. 23, lane 4), Mab 2HS with the two situated in
the middle fragments (Fig. 200, lane 3}, and Mah 2F4 with the two fragments closer
to 28.6 kDa (Fig. 2D, lane 2), Ditferences among Mabs appeared in the fragments
with lower molecular masses as was the case of trypsin-digested semi-denatured

RuBPCO.
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Fig. 2. Immunoblotting analysis of native {4, ) and semi-denatured (B, D) RuBPCO [ragments
obtained after proteolysis with trypsin (500:1, m/m) for 20 min (4, B) or with S. aureus V8§ protease
(100:1, m/m}) tor 40 min (C, D) at 30 ¢C revealed by Mabs against barley RuBPCO. The positions of
the molecular mass markers [4.3-71.5 (Fluka) (M) are indicated at the left side. Lanes: 7 - Mab
2G2; 2 - 2F4; 3 - 2105, 4 - 2D11. ‘The recognized polypeptides were visualized with 3,3
diaminobenzidine.
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Our carlicr studies have shown that Mabs 2G2, 214, 2HS, and 2D11 produced
against the RuBPCO holoenzyme [rom barley recognize only the LS, and that the
epitopes are puartinlly overlapping us cstablished by the LIISA additivity test
{Mladjova ef al 1992, Demirevska-Kepova et ol 1996). In the present study all the
four Mabs recognized many fragmenis obtained from the LS of RuBPCO by
reaument with two exogenous proteases ol differentl specilicily, Probably, these
determinant groups were relatively stable during proteolysis. [ifferences among
Mabs about the rccognized epitopes appearcd only in the fragments with low
molccuiar masses. which  further supported the [inding that these epitopes
overlapped.
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